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DOES GLIADIN CONTAIN AMIDE NITROGEN?* 


By THOMAS B. OSBORNE ann OWEN L. NOLAN. 


(From the Laboratory of the Connecticut Agricultural Experiment Station, 
New Haven.) 


(Received for publication, July 1, 1920.) 


The Origin of Ammonia Nitrogen tn Gliadin. 


The amount of ammonia which various proteins vield when 
hydrolyzed with acids was shown some years ago in a paper! 
from this laboratory to correspond closely to that required for 
amide combination with the sum of the glutaminie and aspartic 
acids which these also yield. That the combination R-CONH, 
actually oecurs in the protein molecule is not proved by the 
agreement between the values found by analysis and those eal- 
culated, but this agreement was so close that the suggestion then 
advanced has been generally accepted as probably correct. 
Recently Thierfelder and von Cramm? have confirmed the evi- 
dence just referred to, and eontributed further support for this 
view by experiments with svynthetie peptides containing gluta- 
mine, as well as with glutamine itself. Additional evidence 
that the mtrogen which is converted into ammonia by boiling 
proteins with acids is actually in amide combination is furnished 
by new experiments which we have just completed. 

These were made on the assumption that as R-CONHL,. groups 
vield free carboxyl groups on hydrolysis the residual products 
should reveal their presence by an equivalent increase in acidity. 
Preliminary experiments showed that boiling gliadin with 1 per cent 
hydrochlorie acid for 2 hours yields almost as much ammonia 


*The expenses of this investigation were shared by the Connecticut 
Agricultural Station, and the Carnegie Institution of Washington, D. C. 
‘ Osborne, T. B., Leavenworth, C. 8., and Brautlecht, C. A., Am. J. 
Physiol., 1908-09, xxiii, ISO. 
2 Thierfelder, H., and von Cramm, E., Z. physiol. Chem., 1919, ev, 58. 
ol 
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as boiling with 20 per cent acid for 24 hours. The slight increase 
in free amino nitrogen which occurs during this mild hydrolysis 
shows that a relatively small proportion of the peptide bindings 
are broken. Sinee upwards of 90 per cent of the maximum 
obtainable ammonia is yielded at a rate strictly proportional to 
the time of boiling as well as to the concentration of the acid it 
seems fair to assume that nearly all the ammonia originates from 
g a common group which, like R-CON Hag, is very easily hydrolyzed. 
? Accordingly 5 gm. of air-dry gliadin, equal to 4.7 gm. dried at 
110° and containing 0.8125 gm. of nitrogen, were boiled with 500 
ec. of 1 per cent hydrochloric acid for 1 hour. ‘The gliadin at 
first dissolved in the boiling acid, but soon began to separate, 
finally forming a coherent mass. At the end of the hour 244 ce. 
of a solution containing 4.9776 gem. of sodium hydroxide were 
added. The strongly acid solution was vigorously shaken for 
some time and the suspended solids were then removed by cen- 
trifuging and the solution was made up to 1,000 cc. Analysis of 
aliquot parts showed thai this solution contained 9.1720 gm. of 
solids, of which, after ignition at a low red heat, 7.3770 gm. 
remained as ash. It also contained 0.1568 gm. of nitrogen as 
ammonia, equal to O.S83SL gm. of NH,Cl, if all the ammoma 
was present as this salt. The total inorganie matter was, there- 
fore, equal to 8.2151 gm., leaving 0.9569 gm. of organic solids 
in the solution, or 20.3 per cent of the gliadin. ‘The solution 
contained 0.3171 em. of N, of which 0.1568 gm. was ammonia 
nitrogen, the non-ammonia nitrogen consequently being 0.1603 
gm., equal to 16.8 per cent of the organic solids. Since in this 
experiment only 78.0 per cent of the maximum amount of the 
ammonia obtainable by complete hydrolysis was liberated it 1s 
HY probable that some unchanged gliadin remained dissolved in the 
: acid aqueous solution. This would account for the higher nitro- 
gen content of the soluble organic solids than that calculated for 
gliadin from which all its amide nitrogen had been split off. 

To neutralize 100 ec. of this solution required 0.01428 gm. of 
NaQH, equal to 0.1428 gm. for the entire solution. The solids 
removed by centrifuging were suspended in water, and 0.2683 
gm. of NaOH was added gradually with vigorous shaking. This 
was a little more than enough to dissolve all the solids and just 
sufficed to make the solution neutral to litmus. When 0.0377 
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gm. more of NaOH was added the reaction became just alkaline 
in phenolphthalein. In neutralizing the solution and precipitate 
there were thus added 4.9776 + 0.1428 + 0.2683 + 0.0377 = 
5.4204 gm. of NaOH equivalent to 4.9448 gem. of HCl. Since the 
ammonia formed by hvdrolvsis also neutralized a part of the 
HCl with which the gliadin had been boiled the total base avail- 
able for neutralizing acid was equivalent to 0.4551 gm. more 
NaOH, thus making the total equal to 5.8815 gm. Subtracting 
from this the NaOH required to neutralize the 5 gm. of HCl, 
namely 5.4869 gm., leaves 0.3946 em. of NaOH which had been 
neutralized by acid groups formed during hydrolvsis. Since 
the amount of ammonia found in the solution after hydrolysis 
was equivalent to carboxy! requiring 0.4551 gm. of NaOH for 
complete neutralization the amount of NaOH which neutralized 
the products of hydrolysis to phenolphthalein was 86.7 per cent 
of the amount ealeulated for a complete reaction with all the 
R-COQOH groups which would have been formed if all the am- 
monia originated from R-CONHs, groups. The acidity devel- 
oped therefore corresponds to carboxyl groups nearly, if not 
quite, equivalent to the ammonia produced by hydrolysis. 

Since the sum of the amounts of glutaminie acid and aspartic 
acid which has been obtained from gliadin, the amount of am- 
berated by hydrolysis, and the increased acidity accom- 
panving the formation of ammonia all correspond closely with 
the quantities required for nitrogen in amide union with one 
earboxyl of each molecule of the di-basie acids, there can be 
little doubt that the ammonia nitrogen is present in the ghadin 
molecule in amide union with one of the carboxyl groups of each 
of the glutaminie and aspartic acid groups. 

tecently a new question has been raised in connection with 
this problem by Dakin’s* discovery that some proteins contain 
oxvglutaminie acid in relatively considerable quantity. ‘This 
acid might, therefore, afford additional earboxyvl groups for a 
possible amide union. In this connection it is of interest to note 
that Andersen and Roed-Miiller' have described a method 
whereby the carboxyl groups belonging to di-basic monoamino- 
acids can be determined in the mixed products of hydrolysis of 


§ Dakin, H. D., Biochem. J., 19S, xii, 291. 
4 Andersen, A. C., and Roed-Miiller, R., Biochem. Z., 1916, Ixxiil, 326. 
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proteins. The ammonia and basic amino-acids are removed 
from the products of hydrolysis and amino nitrogen is determined 
in an aliquot part of the solution. Another part of the solution 
is neutralized by Sérensen’s formol method, evaporated, and 
ignited. By determining the carbonate in the ash and caleulat- 
ing its ratio to the amino nitrogen the excess above a 1:1 ratio 
measures the proportion of dicarboxylic acids. By applying 
this method to gliadin they conclude that 24.33 per cent of its 
nitrogen belongs to such acids, whereas the glutaminie and as- 
partie acids which Osborne and CGuest® obtained contained 24.0 
per cent. The average of numerous accordant determinations 
of ammonia nitrogen, namely 24.4 per cent of the total gliadin 
nitrogen, Is in close agreement with the above figures. If gliadin 
vields appreciable quantities of oxyglutaminie acid this should 
have been detected by Andersen and Roed-Miiller’s method. 
These investigators, on the other hand, found that casein con- 
tains an amount of monoaminodicarboxvlic acid equivalent to 
17.7 per cent of the total nitrogen. ‘This is very much more 
than Osborne and Ciuest® found in easein, for the sum of the 
glutaminic and aspartic acids which they obtained contained 
nitrogen equivalent to only 10.4 per cent of the casein nitrogen. 
Foreman,’ later, obtained 21.8 per cent of glutamunic acid from 
easein, 2 figure since confirmed by Dakin who found in addition 
4.1 per cent of aspartie acid and also 10.5 per cent of oxyvglu- 
tauminiec acid. Dakin’s results show that casein vields di-basic 
monoamino-acids containing nitrogen equal to 22.5 per cent 
of its total nitrogen, or more than twice as much as corresponds 
to the maximum amount of ammonia vielded by complete hy- 
drolvsis. Even omitting Dakin’s oxvglutaminie acid, these 
newer determinations of glutaminic and aspartic acid show the 
presence of an excess of di-basic acids 50 per cent greater than 
would suffice for amide combination with the ammonia nitrogen. 
The marked acidity which, in contrast with most other native 
proteins, is characteristic of casein may possibly be thus explamed. 

Andersen and Roed-Miiller point out that if all the monoamuno- 
acids in the protein molecule are in peptide union and the di-basic 


‘Osborne, T. B., and Guest, H. H., J. Biol. Chem., WAL, 1x, 425, 
(sborne, T. B., and Guest, H. H., J. Biol. Chem., VOU, ix, 552. 
7 I, Bioche J., 1] Vill, 
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monoamino-acids occur as amides the products of hydrolysis 
should be basie, since the earboxyl and amino groups should 
balance one another, leaving the basic groups of the diamino- 
acids unneutralized. say: 

“In order to obtain neutral reacting products one must assume either 
that some unions oecur in whieh more basie than acid groups have disap- 
peared, or that nitrogen-free acids oecur together with the amino-aeids. 
It is not clear how, in the first case, the bindings can be represented. If 
unions of this kind occur a neutral body on hydrolysis must vield a basic 
reacting mixture of amino-acids which, after digestion with trypsin and 


erepsin, must be noticeable. .. We, therefore, do not believe 


in the existence of such bindings in the protein molecule. . 2 . . The 
second assumption, that nitrogen-free acids are present also is not prob- 
able, because, in the many investigations known to us which have been 
made of the composition of the proteins, such acids have never been 
isolated, with the exeeption of carbonic acid and very small amounts of 


methyl sulfuric aecid.”’ 


Andersen and Roed-Miiller then show that no volatile nitro- 
gen-free acid except carbonic is vielded by casein. Beheving 
that these considerations raise a question as to how the ammonia 
nitrogen is actually bound in the protein molecule, they say: 
“The assumption of the presence of all the ammonia as equiva- 
lent to the monoaminodicarboxvlic acids and united with these, 
is not in harmony with the properties of the proteins.’” This 
conelusion of Andersen and Roed-Miiller does not have the force 
that they attribute to it because the produets of hydrolysis of 
proteins form a buffer solution in which an excess of alkali, or 
acid, would have but little effect in changing the reaction. Ander- 
sen and Roed-Miiller> believe that the experiments of Skraup 
and von Hardt-Stremayr,” and also those of Denis!” indicate that 
all the ammonia nitrogen cannot be present in amide combina- 
tion. ‘These investigators state that ammonia is not liberated at 
a uniform rate when proteins are boiled with strong acid, but 
that the last part is set free gradually And that the maximum 
amount is not produced until after the biuret reaction has van- 
ished and the hydrolysis has been completed, or nearly completed. 


> Andersen, A. C., and Roed-Miiller, R., Biochem. Z., 1915, Ixx, 442. 
*Skraup, Z. H.. and von Hardt-Stremayr, E., Sifzungsher. Abad, 
Wissensch. Math-naturw. el. Wien., 2te Abt , 1908, exvil, 25. 
Denis, W., J. Biol. Chem., 19100 vill, 482. 
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Glutamine and asparagine on the other hand yield all their amide 
nitrogen after a brief treatment with hot dilute acid. They, 
therefore, consider the possibility of uramino-acids as a source of 
a part of the ammonia nitrogen. 

Experience has convinced us that, at least, in the case of gliadin, 
or of edestin, all but an insignificant part of the ammonia nitrogen 
is liberated by boiling for a comparatively short time with very 
dilute acid, while at the same time only a small part of the pep- 
tide bindings are set free. We are also convinced that the shghtly 
higher figures for ammonia, which others have obtained by sub- 
jecting proteins to severe treatment with acids, compared with 
the lower figures obtained after a milder treatment are to be 
ascribed to secondary decomposition of some of the amino- 
acids. 

Thus we have found that boiling ghadin with 1 per cent HC] 
for 2 hours converted 23.6 per cent of the gliadin nitrogen into 
ammonia and only 3.7 per cent into free amino nitrogen, while 
after 5 hours these figures were 24.2 and 9.0 per cent, respec- 
tively. The average maximum vield of ammonia after boiling 
gliadin with 20 per cent HC] for 24 hours is very little greater; 
namely, 24.4 per cent of the total nitrogen. These figures show 
that 97 per cent of the ammonia nitrogen is liberated before more 
than a small proportion of the peptide bindings has been broken. 

Uramino-acids are converted into hydantoins by boiling with 
dilute acids and yield ammonia only when boiled with strong 
acids fora long time. The uramino group,’ as a source of more 
than a verv small part of the ammonia nitrogen of gliadin, is 
thus excluded. 


SUMMARY. 


When ghadin is boiled with dilute acid a degree of acidity 
is developed which is closely proportional to the amount. of 
ammonia, thus indicating that ammonia originates from R-CON H, 
groups. 

Since very nearly as much ammonia is produced by boiling for 
a short time with | per cent HCl as by boiling for 24 hours with 
20 per cent HCl the presence of more than extremely small 
smounts of uramino groups, R-CH-NH-CO-N He, is excluded. 


Cf. also Lippich, phusvol, Chem... 441. 
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METHODS USED IN DETERMINING THE ELECTRIC 
CONDUCTIVITY OF SOLUTIONS.* 


By J. MeCLENDON., 


(From the Physiological Laboratory of the University of Minnesota Medical 
School, Minneapolis.) 


(Received for publication, June 11, 1920.) 


In making a study of the permeability of bacterial membranes 
it was thought advisable to look into the principles of the methods 
used in determining electric conductivity of solutions, since they 
applied to the study of suspensions of bacteria. The method 
generally used requires an aliernating current, Wheatstone 
bridge, and telephone for detecting the current. The solution 
is placed in a conductivity cell containing two metallic plates or 
electrodes. Since the electrodes are usually made of platinum, 
and platinum salts are absent from the solution, polarization occurs 
at the electrodes and no considerable current can pass in one di- 
rection without a potential difference across the phase boundary 
equal to the decomposition potential of the water or salts compos- 
ing the solution. Since the decomposition potential of water is 
1.7 volts and potentials of various salts fluetuate around this 
figure, a counter FE. M. F. of about 1 or 2 volts is added to the 
passive resistance of the solution and prevents the estimation of 
the latter. In order to obtain correct results, no current should 
he allowed to pass between the electrodes and the solution. The 
electrode surface and solution surface constitute an electric con- 
denser of enormous capacity, since the capacity of a condenser 
varies inversely with the distance between the plates and this 
distance is very small, being the thickness of the electric double 
laver at the metal-water surface. By increasing the frequency 
of the alternating current and increasing the surface area of the 
electrodes a point may be reached at which the impedance caused 


* Partial report on work done under a grant from the United States 
Interdepartmental Social Hygiene Board. 
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by the phase boundary is so small as not to interfere with results 
of considerable accuracy. Alternating currents of high frequency 
may be produced by means of Vreeland oscillators, and by vacuum 
tube oscillators as used in wireless transmission. The electrode 
surface may be increased by enlarging the electrode or roughening 
it. An extremely rough electrode surface may be obtained by. 
rapid electroplating in a solution of platinie chloride containing 
a trace of basic lead acetate. This platinized surface is so rough 
that it does not refleet light into the eve and hence appears black. 
Platimized electrodes have an enormous capacity when freshly 
prepared, but the capacity may decrease with use. This decrease 
is probably due to the interposition of a poorly conducting layer 
between the metal and the solution due to adsorption of colloids, 
or to stoppage of the pores in the surface, thus decreasing the 
area acting as a condenser. The capacity of a dirty electrode 
may sometimes be restored by cleaning it with a saturated solu- 
tion of a bichromate in concentrated sulfuric acid. If this fails, 
the electrode must be platinized again. 

In some of our experiments the electrodes decreased in capacity 
while the bacterial suspension remained in the conductivity ves- 
sel, and cleaning or platinizing of the electrode would necessitate 
complete change in experimental procedure. In such eases, not 
only is the impedance greater than the resistance that it is desired 
to measure, but a tone silence insthe telephone cannot be ob- 
tained owing to the fact that the current is not in phase with the 
voltage across the conductivity cell. In recent vears, a compen- 
sation method for obtaining a tone silence or sharp tone minimum 
in the telephone has been widely advocated in this country. The 
method usually consists in the placing of a variable condenser in 
parallel with the resistance box in the ordinary Wheatstone bridge 
apparatus (in which the two other resistances are represented on 
a meter wire with sliding contact). This method enables the 
operator to obtain a sharp tone-minimum and express his results 
in figures with five decimal places. It is one of the objects of 
this communication, however, to emphasize that such figures 


may be incorrect in the second place. 

Our experiments have been made with frequencies varying con- 
tinuously from 60 to 500,000 eycles per second produced by a 
Vreeland oscillator and a vacuum tube oscillator made of a West- 
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ern [lectric, VT 2, bulb. At radio-frequencies, we have had to 
simplify the apparatus in order to obtain currents in phase with 
the voltage and have had to eliminate much of the Wheatstone 
bridge apparatus. Furthermore, we used a crystal detector and 
galvanometer and have never achieved the accuracy possible with 
the lower frequencies and telephone. This paper will be confined, 
therefore, to work with the Vreeland oscillator and telephone 
receiver, 
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Our Wheatstone bridge is diagramed in Fig. 1, in which re- 
sistance is denoted by R, capacity by ©, and inductance by L. 
In the conductivity cell, the resistance, /?, is the solution; the total 
capacity is one-half the capacity of one electrode surface, C; and 
the inductance, LL, is in the connecting wires. By straightening 
these wires, the inductance may be reduced to a small figure. 
The resistance box has a variable resistance, /?;, a small capacity 
in parallel but an infinite capacity in series, C;, and a small in- 
ductance, L;. In parallel with the resistance box is a variable 
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condenser with variable capacity, Cs, small resistance, R2, and 
small inductance, Zo. In the cell arm of the bridge, given the 
resistance in ohms, the capacity in farads, and the inductance in 
henries, the impedance, Z, to the flow of alternating current of 


frequency, f, is 
= 


In the resistance box arm of the bridge the calculation is a 
little more complicated and will be given in greater detail. 

The impedance, Z, may be resolved into two components, the 
resistance, ?, and the reactance, X, such that 


Z=V R+ X 
where the reactance 
The admittance, 7, is the reciprocal of the impedance, Z; the 
conductance, G, is the reciprocal of the resistance, R; and the 
susceptance, B, is the reciprocal of the reactance, \V, and 


or for the parallel circuit 
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But if the inductance and capacity of the resistance box are dis- 
regarded as well as the resistance and inductance of the variable 
condenser, and if the latter is so constructed to be of negligible 


dielectric loss, the equation may be simplified and reduced to 
the following. 


1 


( — 2rfC;)? 


Z= 


a 
5 
4 — fj 
2a ft 
a 
i 
a. 
3 
3 
> 


J. F. MeClendon 321 


In case the self-inductance of the conductivity cell is negligible, 
the resistance, /?, of the solution may be found from the following 
proportion. 


1 1 
RR? +- = Rs: 


Evrample.—The following determination was made on 1 per cent NaC} 
in water in a conductivity cell containing bright gold electrodes 25 mm. 
square, at 25°. R, = 20 ohms, C2, = 1.06 * 10~*f, Rs = 478 and Ry = 522, 
and f = 5,000. The impedance of the arm of the bridge containing resist- 
ance box and variable condenser was 


= 16.67 ohms 


+ (6.2832 5,000 1.06 * 1078? 


and the impedance of the cell: 16.67 = 478: 522, therefore the impedance of 
the cell = 15.28. 

Since the difference in phase between the current and voltage is the 
same in the two arms of the bridge, the following ratio holds. 


1 1 
therefore R = 16.67 * 15.28 + 20 = 12.73 ohms 


It should be emphasized that if the usual method of disregard- 
ing the reactance of the bridge is followed the calculation is 


R: 20 = 478 : 522 
therefore 
R = 18.314 


in other words, the resistance of the solution is 12.73 ohms, whereas 
the uncorrected calculation gives 18.314 ohms, or 28 per cent too 
high a value. 


A Method of Procuring Sharp Tone-Minimum with Bright Elec- 
trodes without the Necessity of Complicated Calculations. 


If the variable condenser, C.f.Le, is removed from the Wheat- 
stone bridge, a tone-minimum of great sharpness may be secured 
with the aid of a variable inductor, Z, in series with the con- 
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ductivity cell. With bright electrodes, 25 mm. square, we found 
the General Radio Variometer 107 C, with a range of about 0.02 
to 0.5 millihenries sufficient, and the cost was a small fraction of 
that of the variable condenser necessitated by the previous 
method. Simee there is loss of power due to dielectric hysteresis 
in a parathined paper condenser, a high grade condenser of maxi- 
mum eapacity of 10 microfarads had to be used in the previous 
method and hence the high cost. 

If the reactance of the resistance box is negligible, the reactance 
of the conductivity cell plus variometer is zero when the variom- 
eter is adjusted for sharp tone silence, as follows: 

Reactance = — 
fC 
and tone-minimum is not secured until the inductance, L, is so 
adjusted that it compensates the capacity, C, of the cell so that 
the reactance becomes zero. 

With the elimination of the reactance from the equation, the 
calculation involves only the resistances in the four arms of the 
bridge and the subtraction of the resistance of the variometer 
from the resistance of the arm of the bridge containing it, in order 
to obtain the resistance of the conductivity cell. The variometer 
is made of two coils rotating on an axis in the plane of the coils, 
and hence the current passes through the whole length of wire no 
matter what the setting for inductance. Therefore, the resistance 
of the variometer does not change except at frequencies high 
enough to produce skin effect. The resistance of the variometer 
may be determined once for all. [ts resistance was 1.095 with 
coils connected in series and 0.2855 with coils connected in parallel 
for low inductance. 

The use of the variometer eliminates the necessity of platinizing 
the electrodes, and allows the use of smaller electrodes, thus adapt- 
ing the conductivity method to a wider range of usefulness m 
biochemistry. Sufficient current must be used in order to work 
the telephone diaphragm, but, if the conductivity of the solution 
is high enough, very small electrodes may be used without danger 
of reaching current saturation. An inductance has been used by 
Tavlor and <Aeree,! but their results were reduced to infinite 
frequency. 


'Tavlor, W. A., and Acree, 8. F., J. Am. Chem. Soc., 1916, xxxviil, 2405. 
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RATE OF HYDROLYSIS OF PHOSPHORIC ESTERS OF 
SUGAR DERIVATIVES. 


First PAPer. 
P. A. LEVENE ano M. YAMAGAWA, 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 
(Received for publication, June 20, 1920.) 


A number of the components of the tissues contain in their 
molecules either phosphoric or sulfurie acid. The phosphorie acid 
radicle is contained in the mono- and polynucleotides, and the 
sulfuric acid radicle in chondroitin- and mucoitin-sulfuric acids. 
In all these compounds the acid radicle is linked in ester form to 
either a carbohydrate or a polyhydrie alcohol. On long acquaint- 
ance with substances of this character, one comes to realize that 
the inorganie radicle is linked in different substances of the same 
group with different degrees of firmness. Thus, for instance, in 
inosinie and uridinphosphoric acids on one hand, and in guanyvlic 
on the other; in chondroitin-sulfurie on one hand, and in mucoitin 
sulfuric on the other, the organic acids display different degrees 
of resistance towards hydrolvtie agents. 

In compounds such as the ribose nucleotides, two components 
of the molecule, the sugar, and the inorganic acid, remain con- 
stant, and only the third component is variable. It is evident 
that the firmness of the union between the acid and the rest of 
the molecule may be conditioned by two factors: the character 
of the base, and the position of the acid radicle on the sugar 
molecule. 

There exists no systematic study of the rate of hydrolysis of 
ester form derivatives of sugars which have only one point of 
difference; namely, that of the allocation of the acid radicle. 
However, in the preparative work on sugar derivatives by 
Fischer! and his students, and by Irvine? and his students, one 


1 Fischer, Ic., and Noth. H., Ber. chem. Ges.. 1918, li, 321. 
2 Irvine. J. C.. and Scott, J. P., J. Chem. Sor., 1913, ciii, 575. 
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finds abundant evidence that such differences in the rate of hydrol- 
ysis exist. 

A more detailed as well as a more systematic investigation of 
this problem is much desired not only for purely academic con- 
siderations, but also for what, in a way, may be regarded as 
practical or applied reasons. 

It isa difficult task to determine the allocation of an acyl group 
on the sugar molecule by direct chemical method. On few ocea- 
sions the method was successful, and only then when the substi- 
tution took place on the primary alcoholic group. When any of 
the secondary alcoholic groups are substituted the allocation of 
the substituting group has thus far not been successful. As vet 
the present work docs not embrace a sufficiently large number of 
esters, and is offered in its present form because one of the 
authors is compelled to discontinue his cooperation. 

‘Lhe substances® emploved in this work were phosphoric esters of : 
(1) a-emethviglueoside; (2) 3-, y-, etrimethy! methylglucoside; (3) 
a-, B-, y-, ediacetone glucose; (4) a-, 8-monoacetone glucose; (5) 
a phosphoric ester of the same sugar derivative as in (4), but differ- 
ing from the substance (4) by the position of the phosphorie acid 
radicle; (6) ¢-benzoyl-a-3-monoacetone glucose. 

In the first, the position of the phosphoric acid radicle is not 
established, and the interest attached to the substance is due 
primarily to the fact that the sugar radicle in it is non-substituted. 
In the following two substances, namely 8-, y-, e-trimethyl 
methylglucoside and diacetone glucose, the phosphoric acid 
radicle is attached to the same carbon atom, and henee the two 
substances differ in the nature and in the molecular weight of the 
substituting groups. Differences in the rate of hydrolysis of 
these two substances should be attributed to the influence of these 
Groups. 

The fourth substanee differed from the fifth in the method of 
preparation. Whereas the latter was obtained by the action of 
phosphorous oxychloride on monoacetone glucose, the former is 
formed as a by-product by the action of phosphorous oxychloride 
on diacetone glucose. Apparently in the former substance the 
phosphoric acid radicle was linked to the primary alcoholic group, 


°The preparation of these substances will be described in a subse- 
quent paper by P. A. Levene and G. M. Meyer. 
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whereas in the latter it was linked to one of the secondary alcoholic 
groups. 

The sixth substance, ¢-benzoyl-a-8-monoacetone glucosidophos- 
phorie acid, differs from the preceding two by the position of 
the phosphoric acid radicle, by the number of the substituting 
groups, and by the difference in character of one of the substi- 
tuting groups. 

The hydrolysis of these substances was carried out in approxi- 
mately equivalent concentration, which was in the neighborhood 
ot 10 per cent. As catalytic agent 0.1 N sulfurie acid was em- 
ploved. The temperature of hydrolysis was 100°C, 

As was anticipated, the rate of hydrolysis followed the mono- 
molecular law. The constants of hydrolysis A = log = were 

= 
as follows: 
K, = 22 (107%) 
Ke. = 48 (1073) 
= 56 (107%) 
Ky = 44 (1075) 
As, = 58 (1073) 
Ae = 18 (107%) 
(The subseripts indicate the substances in the order of their tabulation.) 


Thus in this series of substanecs apparently both the position 
of the phosphorie acid radicle and the nature of the substituting 
groups exert an influence on the stability of the phosphoric ester 
linking. 

On the other hand, the constants of hydrolysis of the sugar 
derivatives which differ from one another only in point of posi- 
tion of the aeid radicle, as Substances 4 and 5, are determined 
by the position of the inorganic radiele. 

It was expected that the position of the phosphorie acid radicle 
would play the determining part in the rate of hydrolysis. ‘This 
expectation has not materialized, and it will therefore be neces- 
sary to prepare such phosphoric esters of glucose or of methyl- 
glucoside which will have the inorganie radicle in a known posi- 
tion, and which will be free from other substituting groups. 

It is planned to continue the work in this direction in this 
laboratory. 


“FS 

i 


* Ry 


326 Phosphoric Esters of Sugar Derivatives 


EXPERIMENTAL. 


a-Methylglucosidophosphoric Acid.—11.644 gm. of barium 
methylglucosidophosphate were ground up with a little water, 
49.2 ec. of N HoSO, were added, and the volume was made up to 
100 ec. The solution was filtered from the barium. sulfate 
without further addition of water. 

The concentration of methylglucosidophosphorie acid was 
established by a polariscopic determination; 5 ec. of the solution 
contained 0.450 gm. of methylglucosidophosphorie acid, repre- 
senting 0.0509 gm. of P. 

5 ec. of this solution were pipetted into glass tubes together with 
5 ee. of 0.2 N HesO,. The tubes were sealed and heated in an 
oil bath at 100°C. for various intervals as indicated in the tables. 
After cooling, the contents of each tube were made up to 100 ce. 
and the phosphorous was determined as magnesium pyrophos- 
phate on 40 ee. of this solution. 

The results are tabulated in Tables I, Ia, II, and Ila. 

o-y-e-Trimethyl Acid.—13.0785 
gm. of the barium salt were ground up in a little water, the 
barium was precipitated by 42.7 ec. of N HeSO,y, and the solution 
made up to 100 ce. 5 ce. of this solution contained 0.45 gm. of 
trimethyl] methyviglucosidophosphoric acid, determined polari- 
metrically, equivalent to 0.0441 @m. of phosphorus. 

5 ec. of the filtrate were heated in sealed tubes with 5 ee. of 
0.2 N H.SO, for various periods at 100° and the phosphorus was 
determined as magnesium pyrophosphate. 

The results are tabulated in Tables III, IIla, IV, and [Va. 

a-B-y-e-Diacetone Glucosido<-Phosphoric Acid.—10.1805 gm. of 
the barium salt were dissolved in a small volume of water and 
made up to 75 ee. 5 ce. of this solution, containing 0.450 gm. of 
diaecetone glucoside phosphoric acid, equivalent to 0.041 gm of 
phosphorus, were pipetted into glass tubes together with 3.3. cc. 
of N HeSO, and 1.7 ec. of water. The tubes were sealed and 
heated at 100° for various intervals. 

The results are tabulated in Tables V and Va. 

a-B-Monoacetone Glucosido-<-Phosphoric Acid (from Diacetone 
Glucose).—-7.5617 gm. of the barium salt of this substanee were 
dissolved in a small volume of warm water and made up to 50 ce. 
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Of this solution 3 ce., equivalent to 0.029 gm. of P, were pipetted 
into glass tubes together with 2.27 ec. of N HesO, and 0.73 ee. of 
water and sealed. The tubes were heated at 100° for various 
intervals. 

The results are tabulated in Tables VI and VIa. 

Glucosidophosphoric Acid (from Monoucctone 
Glucose).--5.876 gm. of the barium salt of the substance were 
dissolved in a small quantity of warm water and made up to 
40 ce. 3 ce. of this solution, equivalent to 0.028 gem. of P, together 
with 2.29 ce. of N HeSO, and 0.71 ec. of water were heated in 
sealed tubes for various intervals. 

The results are tabulated in Tables VIL and Vila. 

(-Benzoyl-a-B-M onoacetone Glucosidophosphoric Acid. SA2Z85 
gin. of the barium salt of the substance were rubbed up with a 
small volume of warm water, made up to 75 cc., and filtered. 
5 ee. of the filtrate, equivalent to 0.035 em. of P, together with 
2.97 ec. of N HeSO, and 2.08 ce. of water were heated in sealed 
tubes for various intervals. 

The results are tabulated in Tables VIII and VIIa. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XLII, NO. 2 


i 
4 
+ 
rey 
4 
4 
3 
F 
3 
— 
4 


Le 


328 Phosphoric Esters of Sugar Derivatives 


TABLE I. 
a-Methylglucosidophosphoric Acid. 


Time. | Average. P in MgeP2Or | Pinfree acid. total P. 


Ars. gm. gm. gm. | per cent per cent 
0.0016 0.0004 0.24 2.16 
{ 0.0017 0.0005 0.27 2 36 
0.0044 0.0012 0.69 6.09 
0.0045 0.0013 0.69 6.09 
0.0081 


0.0083 
0.0085 
0.0088 


0.0082 


0.0087 


0.0023 


0.0024 


11.20 


11.98 


0.0175 0.0173 | 0.0048 2.69 23.77 
“y 0.014 

8 

0.0178 0.0050 2.76 24.36 
0.0296 | 

0.0204 0.008 4.56 40.27 
0.0299 0.0083 4.62 40.86 


24 


0.0294 


0.0394 
0.0396 
0.0396 
0.0398 


0.0395 


0.0397 


0.0110 


0.0111 


54.03 


54.03 
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TABLE I. 


a-Methylglucosido phosphoric Acid, 
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Time. 


Average. 


P in 


P in free acid. 


P in total P. 


Ars. 


16 


24 


32 


gm. 
0.0014 
0.0016 
0.0018 
0.0016 


0.0044 
0.0042 
0.0042 
0.0046 


0.0082 
0.0081 
0.0087 
0.0086 


0.0170 
0.0170 
0.0170 
0.0170 


0.0304 
0.0308 
0.0314 
0.0315 


0.0409 
0.0406 
0.0417 
0.0418 


0.0504 
0.0504 
0.0500 
0.0502 


gm. 


0.0015 


0.0017 


0.0043 


0.0044 


0.0082 


0.0087 


0.0170 


0.0170 


0.0306 


0.0315 


0.0408 


0.0418 


0.0504 


0.0501 


per cent 


0.24 


0.27 


0.67 


0.69 


1.27 


1.33 


7.80 


7.76 


per cent 


2.16 


git 


wid 


| 
| 1 | | q 
0.0012 5.89 4 
| 0.0012 6.09 
| | 0.0023 11.20 
0.0024 11.79 
| 
| 0.0047 2.62 | 23.18 
| | 
| P| 0.0085 4.78 42.24 
| 
| 0.0088 4.89 43.22 
| 
| 0.0114 6.31 55.78 
| a 0.0116 6.47 57.17 
0.0140 68 .96 
= 
0.0140 68 .56 | 
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Time. 
Ars 
3 
4 
S 
il 


16 


yr. 
0 0025 


GO 
0. Q060 
0 
0 0008 


O O124 
0.0125 
0.0129 


0.0247 
0.0247 
0. O242 
0.0240 


0.0405 
0. O402 
0.0410 
0.0412 


0.0527 
0). 0526 
0.0524 
0.0527 


TABLE III. 


| 


; 
; 


Average. 
gm. 
() WH 


0 0026 


0.0070 


OOGS 


O125 


0.0125 


0.0247 


0.0241 


0.0405 


0.0411 


0.0527 


0.0526 


| 
j 
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Meth ylglucos ido-¢-Phos phor ic Acid. 
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a-B-y-e-Diacetone Glucoside-{-Phosphoric Acid. 


TABLE V. 


Time. 


MgeP2O7 


Average. 


Pin MgeP2O7 | 


P in free acid. 


P in total P. 


Ars. 


16 


gm. 
0. 0040 
0.0040 
0.0037 
0.0040 


0.0090 
0 .OOS5 
0.0091 
0.0090 


0.0159 
0.0157 
0.0154 
0.015s 


0.0262 
0) 0262 
0 0262 
0. O262 


0.0419 
0.0458 
0.0419 


0 0525 
0.0525 
0.0525 


0.0525 


gm. 


0.0040 


0.0039 


0 00SS 


0.0091 


0.0157 


0.0156 


0.0262 


0.0262 


0.0429 


0.0419 


0 0525 


0.0525 


gm, 


0.0011 


0 OO11 


0.0025 


0 


0 OO44 


0 0045 


0 OO73 


0.0075 


QO. O117 


0.0117 


0.0146 


0.0146 


| 
| 


per cent 


0.62 


0.62 


2.45 


4.06 


per cent 


6.80 


6.80 


44.52 


44.52 


2 


aa 
i 
‘ 
| 
; | | 
| 
| 1.36 14.95 
| 
| 1.41 | 15.46 
ol | ~0.0S 
| 2.42 26.51 
a 
| 
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TABLE VI. 
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P in tota) P. 


Time. | Mee | Average. Pin Mg2P207 | P in free acid. 
Ars. | qm. gm. per cent 
0.0050 
| 0.0047 0.0049 0.0014 0.78 
0.0048 
| 0.0047 | 0 OO4S 0.0014 0.78 
0.0103 
9.0097 0.0100 0.0028 1.56 
0.0100 
28 
0.0100 0.0100 0.0028 1.56 
0 O1SS 
» 
0.0180 0.0182 0.0051 2.84 
0.0175 
| O17 OOF! 2.67 
0.0173 0.0174 | 0) OO4S 
| | 
| 0.0323 | 
0.0323 0.0323 | 0.0090 39.00 
0.0320 | | 
| 32 
9.0320 0.0520 | 0 .OOS9 4.96 
0.083 | 0.0483 0.0135 7.51 
) | | 
| | 90883 | 0.0135 7.51 
| 
| 0.0570 | 
0570 | 0.0570 0.0159 S.S4 
0.0570 | | 
| 0 0570 0.0570 | 0.0159 S.54 


per cent 


7.56 


7.96 


48.60 


48.16 
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73.00 
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TABLE VII. 
-3- ~Monoa etone Glucos osidophos phoric Acid Grom Monoacetone Gluce ose). 
Time Me Average. | P in in free acid. | P in total P. 
ym qm. per cent | per ce rif 
| | 
0.0036 0.0010 4 40 
0 OO3S | 
0 OOLO 0.505 4) 
| 
OO77 0 0021 1.1S 11.45 
| 
0.0152 0.0012 | 2.33 | 22.68 
i 
j 0 0148 | 
: 0 O144 0 0040 2.06 21 60 
Q 
| 
O265 0 OO74 4.1] 
| 
| 
90407 | 0.0113 6.29 61.12 
QO O10S | 
1b | | 
0.0403 | O.O112 | 6.22 60.47 
 O405 
0.0509 0.0142 7.89 | 7667 
0.0510 
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TABLE VIIL. 
nzoyl-a-B- Vonoacetone Glucosido phos pho ic Acid. 


rf?) Averag Pin MeePeOr in free in tota! I’. 
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Velocity Constants. 


TABLE Ia, 
a-Methylglucosidophosphoric Acid. 


t | MgeP20; (7) | a-z log 


min. gm. 


60 0.0017 | 0.0714 0.00017 
120 0.0045 | 0.0686 | 0.00023 
240 | 0). 0085 0.0646 | 0.00022 
| 0.0176 0.0555 | 0.00025 
940 | 0).0297 0.0434 | 

| | 1,440 | 0.0396 | 0.0335 | 0.00023 

a | 0.0731 


TABLE Ila. 
a-Methylglucosidophosphoric Acid. 


a 
(2) a-g | —- log - 
4 a-z 
4 ‘ min. | qm. | | 


60 | 0.0016 | 0.0715 0 00016 
120 | 0.0044 0.0687 | 0.00022 
240 0.0085 0.0646 | 0.00022 
480 | 0.0170 0.0561 | 0.00023 
| 4 960 | 0.0311 0.0420 | 0.00025 
1,440 0.0413 0.0318 0.00025 
1,920 | 0.0503 0 0228 | 0.00026 
a= 0.0751 
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TABLE Illa. 
B-y-e-Trimethyl Methylglucosido-§-Phosphoric Acid. 


t | Mg2P20; (7) | 2 log ——— 
| 
min. gm. 
0 | | 

60 | 0.0026 0.0608 | 0.00030 

120 0.0069 0.0565 | 0.00042 

240 | 0.0125 0.0509 | 0.00040 

480 | 0.0244 | 0.0390 | 0.00044 
O60 0.0407 | 0.0227 | 0.00046 
1.440 0.0527 | 0.0107 | 0.00053 
a = 0.0634 | a 


TABLE IVa. 
3-5-e-Trimethul Methylalucosido-¢-Phosphorie Acid. 


| (4) | | J log 
min. | gm. | 
0) | 
60 | 0.0027 | 0.0607 0.00032 
120 | 0.0071 | 0.0563 | 0.00043 
240 | 0.0129 0.0505 | 0.00041 
480 | 0.0246 | 0.0388 | 0. 00044 
960 | 0.0389 | 0.0245 0.00043 
1,440 | 0.0494 0.0140 0.00045 
a = 0.0634 


TABLE Va. 
a-B-y-e-Diacetone Glucosido-t-Phosphoric Acid. 


i | f 
min. | gm. | 
0) | | | 
60 | 0.0040 i 0.0549 | 0.00050 
120 | 0.0090 0.0499 | 0 00060 
240 | 0.0157 | 0.0432 | 0 
480 0.0262 | 0.0327 | 0.00053 
960 0.0424 0.0165 | 0.00058 
1,440 0.0525 0.0064 0 00067 


| a = 0.0589 
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HYDROLYSIS OF NUCLEOTIDES. 


By M. YAMAGAWA, 


(From the Laboratories of The Rockefeller Institute for Medical Research.) 


‘Received for publication, June 28, 19207) 


Marly in the work on nueleotides it was observed that indi- 
vidual members of this group differed in their resistance to the 
action of hvdrolytic agents. Owing to this peeuliaritv, Levene 
and Mandel obtained on hvdrolvsis of thymus nueleie acid a 
mononucleotide: thymidinphosphorie aeid.! Later, Levene, and 
Levene and Jacobs? prepared the pyrimuidin nucleotides of veast 
nuclere acid and Levene and Jacobs.’ on hydrolysis of thymus 
nucleic acid, prepared hexoeytidin- and hexothyvmidindiphos- 
phoric acids. Jones! and his coworkers furnished further obser- 
vations demonstrating this peculiarity of different nucleotides. 

The structural details of the molecule which are responsible 
for this difference in the behavior of the individual mononucleo- 
tides are as vet unknown. 

teferring only to the ribose nucleotides, the observations are 
as follows: Inosinic, uridinphosphoric, and eyvtidinphosphoric 
acids demonstrated a higher resistance, whereas adenosinphos- 
phoric and guanosinphosphoric acids possess a lower resistance 
towards hvdrolytie agents. 

It is certain that all these nucleotides differ from one another 
in the nature of the base, but it is also possible that they differ 
in the position of the phosphoric acid radicle on the carbohydrate. 

In only one of these nucleotides, in inosinie acid. is the position 
of the phosphoric acid known; namely, it is linked to the fifth 
‘carbon atom. Whether the stability of this substance is condi- 


' Levene, P. A., and Mandel, J. A., Ber. chem. Ges., 1908, xli, 1905. 

2 Levene, P. A., Biochem. Z., 1909, xvii, 120. Levene, P. A., and Jacobs, 
W.. Ber. chem. Gres., 1911, xliv, 1027. 

§ Levene, P. A., and Jacobs, W., J. Biol. Chem., 1912, xii, 411. 

‘Jones, W., and Read, B. E., J. Biol. Chem., 1917, xxix, 123. 
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tioned by the position of the phosphoric acid radicle cannot as 
vet be stated. There are indications that this may be so, since 
the ribose phosphoric acid obtained from this nucleotide also 
possesses considerable stability. 

The differences in the stability hitherto observed are only of 
a qualitative nature. However, in order that this property of 
nucleotides may be made the basis for suggestions regarding their 
structure, it 1s necessary to obtain more detailed information con- 
cerning the comparative rate of hydrolysis of the various nucleo- 
tides. 

The substances employed in this investigation were as follows: 
Yeast nucleic acid (employed in form of its barium salt), inosinic 
acid (in form of barium salt), uridinphosphoric acid (barium 
salt), guanylic acid (erystalline nucleotide), adenylic acid (crys- 
talline nucleotide), and hexothymidindiphosphoric acid (barium 
salt). 

These substances were employed in approximately equivalent 
concentrations, and the hydrolysis was accomplished by 0.1 N 
sulfuric acid at a temperature of 100°C. It was found by 
Levene and the writer that consistent results were obtained only 
when the hydrolysis was carried out in sealed tubes. The rate of 
hydrolysis followed, as was expected, the monomolecular law and 


a 
the constant of hydrolysis A = ; log -—-— was as follows: 


1 a 

t 
Hexothymidindiphosphorie 726 (107%) 


Thus the velocity constants of the guanosinphosphoric and 
adenosinphosphoric acids is identical. On the other hand the 
constants of inosinic and uridinphosphoric are also identical in 
spite of the fact that their basic component is of a different 
nature. 
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EXPERIMENTAL. 


Nuclete Acid._4.1184 gm. of barium nucleate were ground up 
in a small quantity of water and 16.3 cc. of N H.SO,4, made up to 
30 ec., and filtered. 5 ec. of this solution by Kjeldahl determi- 
nation contained 0.4184 gm. of nucleic acid equivalent to 0.0397 
gm. of phosphorus. 

5 ce. of this solution were hydrolyzed with 5 ec. of 0.2 N HoSO, 
in sealed tubes at 100° for various intervals. The phosphorus 
was estimated as magnesium pyrophosphate. The results are 
tabulated in Tables I and Ia. 

In Series 2 and 3, 0.5607 gm. of barium nucleate was weighed 
off for each tube, equivalent to 0.450 gm. of nucleic acid, and this 
was hydrolyzed with 1.61 ec. of N HeSO,, and 3.39 cc. of water. 
The contents of these tubes after heating were treated as pre- 
viously described. The results are tabulated in Tables II, Ila, 
III, and Illa. 

CGruanosinphosphoric Acid.—b.75 gm. of guanylic acid were 
dissolved in a small quantity of warm water and made up to 
75 ec. By analysis of a sample of this material each 5 ce. of the 
above solution contained 0.4321 gm. of guanylic acid or an equiva- 
lent of 0.0365 gm. of phosphorus. 5 ec. of the guanylie acid 
solution were hydrolyzed with 5 ec. of 0.2 N HeSO, at 100° for 
various intervals, 

The results are tabulated in Tables IV and [Va. 

Adenosinphosphoric Acid.—4.733 gm. of adenylie acid are dis- 
solved in a small quantity of warm water and made up to 50 ee. 

3 ce. of this solution equivalent to 0.024 gm. of P and 3 ee. of 
0.2 N H.SO, are hydrolyzed in sealed tubes at 100° for various 
intervals. 

The results are tabulated in Tables V and Va. 

Uridinphosphoric Acid.—Series I.—10.5404 gm. of barium 
uridinphosphate were taken up in water and 44.3 ec. of N H2SOx. 
The solution was filtered and 5 ce. of the filtrate containing 0.450 
gm. of uridinphosphoric acid (Kjeldahl) equivalent to 0.044 gm. 
of P are hydrolyzed with 5 cc. of 0.2 Nn H.SO, at 100°C. for 
various intervals. The results are tabulated in Tables VI and VIa. 

Series IT.—9.6435 gm. of barium uridinphosphate are taken 
up in a little water and 41.6 ce. of N HeSO, and further treated 
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as in the previous series. Results are tabulated in Tables VII 
and Vila. 

Tnosinphosphoric 11.9936 em. of barium inosinate were 
dissolved in a small quantity of water and the barium was pre- 
cipitated with 38.2 ec. of N HesO,. The solution was made up 
to 75 ec. and filtered. An analysis of the solution (hkjeldahl) 
showed 5 ce. of solution to contain 0.4453 em. of inosinie acid 
equivalent to 0.0397 gm. of phosphorus. 

5 ce. of the filtrate were hydrolyzed with 5 ec. of 0.2 N H.sO, 
at 100°C. for various periods. ‘The results are tabulated in ‘Pables 
and Villa. 

Hexothymidindiphosphoric Acid.—9.893 em. of the barium salt 
were ground up in a little water and 24.4 ec. of 2 N Hes); and the 
volume was made up to 50 ee. The solution was filtered and of 
the filtrate 38 ce. were hydrolyzed with 3 ec. of 0.2 N HesO,; at 
l00°C’. for various intervals. The concentration of the material 
was established by means of a Kjeldahl nitrogen determination. 

3 ce. of the filtrate were equivalent to 0.03047 gm. of phos- 
phorus. The resuits are tabulated in Tables IN and 
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TABLE Il. 
Nucleic Acid. 


M of 


0. OO62 
0.0062 
0.0077 


0.0135 
0 O135 
0.0149 
.O144 


0.0251 
0.0248 
0.025: 

0.0254 


0.0363 
0.0857 
0.0368 
0.0370 


0.0437 
0 0454 
0. O140 
0.0440 


0.0458 
0.0459 
0.0467 
0.0462 


P in free acid. 


343 


Average. P in Mg:P207 P in total P. 
gm. gm. per cent per cent 
0 0062 0.0017 0.94 14.10 
0.0062 0.0017 0.94 14.19 
0.0135 0.0038 2.11 3L.75 
0.0144 0.0040 2.46 33.40 
0.0250 0.0070 3.89 oS.44 
0.0254 0.0071 3.94 9.28 
0.0560 0.0100 0.96 
0.0369 0.0105 85.99 
0. 0456 0.0122 1OL.S6 
0.0440 0.01238 6.78 101.86 
0.0459 0.0128 7.11 106 
0.0465 0.0130 108.54 
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gm. 
0.0057 
Q.Q059 
0059 
0 OO61 


0.0135 
0.0132 
0.0130 


0.0254 
0.0256 


O564 
0.0564 
05606 
0.0372 


0.0458 
0.0456 


TABLE III. 
Nucleic Acid. 
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P in free acid. 


per cent 
O 


0.04 


3. S90 


—_ 


~' 


Pin total P. 


per cent 
13 


14.19 


we 
aj 


os. 44 


$5.99 


‘4 
| 
3 
i 
4 
ay: 
0.0252 | | 
] 
| | 
| 
4 
= 


5 


M. Yamagaw: 


TABLE IV. 


CGuanosinphosphoric Acid. 


Ars. | qm. 
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TABLE V. 


Adenosinphosphoric Acid. 


MeeP,0; 


Average. 
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TABLE VI. 
Uridinphosphoric Acid. 


M <2 P.O; 


ym. 
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0.0120 
0.0136 
0.0154 
0.0157 


0 O257 
0.0253 
0.0257 
0.0263 


O415 
O415 
O O42 1 


O512 
0512 
O515 


Average. 


gm. 


0 0030 


0 0030 


0.0074 


0.0074 


0.0156 


0.0260 


O415 


0 


0.0512 


0.05158 


Pin Mg:P207 


gm. 


0000S 


0000S 


0 0021 


0.0021 


0005S 


0.0071 


0.0072 


0.0116 


0.0117 


O145 


0.0145 


P in free acid. 


per cent 


0) 


0. 


1. 


6) 


45 


45 


13 


13 


06 


OG 


P in total P. 


40.: 


40. 


46 


76 


49 


.49 


4 
4 
ts 
‘ 
Wy 
& 


> 


Dy 


of 


347 
| 
{ hrs per cent 
0 OO74 
| OO74 
0.0074 
4 
24 


~ 


1h 


Hydrolvsis of Nucleotides 


Uridin phosphoric Acid. 
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TABLE IX. 

Hexcothymidindiphosphorte Acid. 

Time. | MeeP,0O, | Average. P in Mg2P20; | P in free acid. | P in total P. 
x | | | | 
2 Ars. gm. gm. gm. | per cent | per cent 
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| 0.0015 1.37 37 
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0.0055 | 
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TABLE la. 
Nucleic Acid. 


() 
Oo 


rage 
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THE ESTIMATION OF AMINOETHANOL AND OF 
CHOLINE APPEARING ON HYDROLYSIS 
OF PHOSPHATIDES. 
By P. A. LEVENE ano T. INGVALDSEN. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, June 28, 1920.) 


The method herein described is a modification of the one intro- 
duced by Thierfelder and Schulze.! 

In the original method, the separation of the two bases is based 
on the difference in the behavior of their hydrochlorides towards 
calcium oxide. Whereas the hydrochloride of aminoethanol is 
transformed by calcium oxide into the free base, the salt of choline 
remains unchanged. 

In this particular the present method follows the directions of 
Thierfelder and Schulze. The difference is in the following. 

The extraction of the free aminoethanol is accomplished in the 
original method by means of ether in a Soxhlet apparatus. This 
process is time-consuming and presents all the inconveniences of 
a Soxhlet extraction. We substituted in its stead extraction by 
means of boiling acetone, which is accomplished very rapidly. 

A modification was also introduced for the isolation of choline. 
In the original process the hydrochloride of the base is extracted 
with alcohol. From this solution the base is precipitated with 
mercuric chloride, and this is then transformed into the hydro- 
chloride and as such weighed and identified. However, the hy- 
drochloride does not possess sufficiently desirable properties to en- 
courage its use for the purpose of identification or of quantitative 
estimation. Hence the method was modified as follows: 

The residue from acetone extraction is freed from hydrochloric 
acid and from lime and the choline is converted into the picrate. 
This if desired can be converted into the chloroplatinate. 


iThierfelder, H., and Schulze, O., Z. physiol. Chem., 1916, xevi, 296. 
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The ether-soluble, acetone-insoluble lipoids from eeg were freed 
from white matter, and hydrolyzed by boiling with 3 per cent sul- 
furie acid for 8 hours as recommended by MacLean. After re- 
moval of the fatty acids by filtration, and the sulfuric acid by 
precipitation with barium hydroxide, the slightly acid filtrate was 
concentrated in vacuum, and precipitated with basic lead acetate 
as long as precipitate formed. The precipitate was filtered off, 
and the tiltrate freed from lead with hydrogen sulfide. After 
addition of hydrochlorie acid, the solution of the bases was re- 
peatediy evaporated with water to remove the neetic acid. The 
residue was then extracted with absolute alcohol, filtered from in- 
organic salts, and evaporated. ‘The latter operation was repeated 
twiee. Finally the bases were taken up in water and made up to 
25 ec. The solution contained O.SS7 gm. of total nitrogen and 
O.1S360 of amino nitrogen. 

Of the above solution, 15 ce. were evaporated on the water bath 
to a small volume. The svrup was thoroughly mixed with an 
excess of caletum oxide, and extracted three times with drv ace- 
tone by boiling it for a few minutes with 75 ce. of that solvent. 
The combined filtered acetone extracts were acidified with hy- 
drochloric acid, and evaporated in vacuum. The residue was 
taken up in water and evaporated to a svrup. The treatment 
with caletum hydroxide and extraction with smaller (25 ce.) por- 
tions of aectone were repeated. The final acetone extracts were 
allowed to stand in an ice chest and filtered. After acidification 
with hydrochloric acid, the acetone was removed by evaporation 
in vacuum, and the residue was made up to LO ce. with water. 
The solution contained O.OS65 @m. of total nitrogen and 0.08535 
gm. of amino nitrogen. Thus 77.5 per cent of the amino nitrogen 
had been extracted. 

Of the above solution 9 ce. were strongly acidified with hydro- 
chlorie acid after which 1.9 gm. of gold chloride were added. On 
standing in a desiceator over sulfurie acid, large crystals separated, 
These were filtered off, pressed between filter paper, and allowed 
todry. The vield was 1.5675 gm. or 71.3 per cent of the theoreti- 
eal. The substance melted at ISS-190°C., and analwzed as follows: 


2MacLean, H., Biochem. J., 1915, ix, 364. 
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0.1647 gm. of substance gave 0.0802 gm. of gold on ignition to constant 


weight. 
Caleulated for Found. 
C,HsON.HAuCh. 
> per cent per cent 


When the above compound was recrystallized from dilute hy- 
drochloric acid, it separated as large glistening crystals with 
smooth surface, softening at 1S5° and melting at 190-192° Cun- 
corrected). The reervstallized compound analyzed as follows: 


O.1010 gm. of substance gave 0.0193 om. of gold on ignition to constant 


weight. 


Caleulated for Found. 
HAuCk. 
per cent per cent 


The residue from the acetone extract was treated with water 
and filtered from caletum hydroxide. The hydrochloric acid and 
the remaining calelum were removed from the solution with silver 
oxide and earbon dioxide, respectively. The filtrate, freed from 
hyvdrochlorie acid and silver, was acidified with an alcoholic solu- 
tion of pieric acid, concentrated in vacuum, and allowed to stand 
inanice chest. The precipitate was filtered off, and reerystallized 
from water. Beautiful long necdles of choline picrate, softening 
at 238° and melting at 241-242°C. (uncorrected) were thus ob- 
tained. The substance analyzed as follows: 


0.1502 gm. was reduced with 2 gm. of zine dust in the presence of 10 ce. 
of HCl and a little water. The whole was then digested with sulfurie 
acid as usual, and distilled after addition of enough NaOH to bring all the 
zine into solution. The distillate required for titration 15.57 ee. of 0.1 
N acid. 

O.4164 gm. of the pierate was extracted with ether in the presence of 
hvdrochlorie acid. The ether solution was dried over anhydrous sodium 
sulfate, filtered, and evaporated. The residue was dissolved in dry ether, 
filtered, and again evaporated. The residue weighed 0.291 gm. 


Caleulated for Found. 
CyH CeHeOr Na. 
per cent per cent 


O.7714 gem. of the pierate was extracted with ether as above. 
The aqueous solution was evaporated and the residue was taken 
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up in absolute aleohol and precipitated with an alcoholic solution 
of PtClh. The yield of dried precipitate was 0.7065 gm. or 98.7 
per cent of the theory. The chloroplatinate decomposed at 243°C, 
and had the following composition. 


0.1050 gm. of substance gave on ignition to constant weight 0.0334 gm. 
of platinum. 


Calculated for Found. 
per cent per cent 
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UNSATURATED LIPOIDS OF THE LIVER. 


By P. A. LEVENE anv T. INGVALDSEN. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, June 30, 1920.) 


The subject of the lipoids of the liver calls for reinvestigation for 
several reasons. Previous investigators have laid claim to the 
discovery in this organ of substances which were not found 
among the lipoids of other organs. Furthermore, none of the 
phosphatides isolated from this organ has been identified with 
sufficient rigor. 

The substances described as peculiar to liver tissue are Jecorin,! 
and heparphosphatide.2. Other unsaturated lipoids isolated from 
the liver are lecithin (Baskoff) and cephalin. The relation of the 
latter two lipoids to lecithin and to cephalin of other organs had 
not been established. 

Regarding the unsaturated lipoids of other organs it is known 
that on the basis of their solubility they may be classified into 
three groups. 

1. The acetone-soluble lipoids. 

2. The acetone-insoluble, but alcohol-soluble. 

3. The acetone-insoluble and alcohol-insoluble. 

These differences in solubility are referred not to the pure sub- 
stances but to material obtained by the extraction of the tissues 
with ether. 

In this laboratory,’ it was found that the first fraction con- 
sisted principally of lecithin with small proportions of cephalin 
which can be readily removed; the second fraction consisted of 
lecithin containing larger proportions of cephalin; the third con- 


' Drechsel, E., J. prakt. Chem., 1886, xxxiii, 425. 

? Baskoff, A., Z. physiol. Chem., 1908, Ivii, 395. 

* Frank, A., Biochem. Z., 1913, 1, 277. Levene, P. A., and West, C. J., 
J. Biol. Chem., 1916, xxiv, 115. 

‘Levene, P. A., and Komatsu, S., J. Biol. Chem., 1919, xxxix, 91. 
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sisted of very small proportions of lecithin and larger proportions 
of cephalin, but the bulk of the material of this fraction is com- 
posed of fragments of the other lipoids. 

The present investigation aimed to find whether or not the 
enumerated three fractions with their general characteristics 
ean be obtained from the liver tissue. The answer obtained was 
in the affirmative. 

The acetone-soluble fraction led to the preparation of perfectly 
pure lecithin. The acetone-insoluble but alcohol-soluble frae- 
tion led to a lecithin and cephalin mixture in which cephalin con- 
stituted about 20 per cent of the material. From this fraction 
also practically pure lecithin could be prepared. 

The acetone-insoluble and aleohol-insoluble fraction was found 
to be a mixture of little leeithin, little ceephalin, and of a variety 
of fragments of these and perhaps of other lipoids. 

In this respeet, then, the lipoid material obtained from the 
liver does not differ from that of other organs. 

The study of the details of the structure of liver lecithin on one 
hand, and of the cephalin fraction on the other, however, has 
brought forward some new facts, which are important not only in 
reference to the special topic of liver lipoids but to that of the 
unsaturated lipoids in general. 

Liver Lecithin. ~The point of interest in connection with this 
substance lics in the nature of the fatty acids entering into the 
structure of its molecule. In the literature on this subject there 
exists utter confusion. A critical review of the subject will be 
given in a future publication. Here it suffices to note that liver 
lecithin contains in its molecule two fatty acids: one saturated 
stearic acid and the other unsaturated of the linolic series. ‘There 
was no evidence of the presence of oleic acid. This conclusion 
was reached on the basis of the solubility of the barium salt of 
the unsaturated acid in ether, and on the basis of the hydrogen 
and iodine values of the fatty acid and of lecithin. 

The hydrogen number (grams of hydrogen absorbed by 100 
grams of substance) of a lecithin containing in its molecule linolic 
acid is 0.5018, 

The number found for our lecithin was 0.5018. 

The iodine number for two double bonds is 63.26. 

The value we found was 72.73. 
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lor linolic acid the hydrogen number is 1.439. 

Our estimations on the unsaturated fatty acids from lecithin 
gave an average of 1.508. 

The calculated iodine value is 180 and we found 210. 

Whether or not the acid is linolie or its higher homologue is not 
absolutely certain. The analytical data obtained on the hydro- 
genated acid prepared in the course of the present work corre- 
spond to that required by theory for the higher homologue with 
('s,. Before a definite conclusion is reached a larger quantity 
of material is required, which will permit a more rigorous 
purification. 

In this respect the lecithins obtained from the acetone-insoluble 
and from the acetone-soluble fractions are identical. ‘The lecithin 
referred to in this work contained no free amino nitrogen. 

Cephatin Fraction. —Vhe point of interest in connection with this 
fraction is the following. As mentioned before, this fraction 
represents a mixture of different substances among which lecithin 
and cephalin are present. The special interest of the present 
work centers on the cephalin. A sample of cephalin having the 
elementary composition required by theory for this substance has 
not been obtaimed. Levene and West had obtained a sample 
of hydrogenated cephalin with an clementary composition re- 
quired by theory. ‘This finding established the correctness of the 
accepted theory of the structure of cephalin. For biological 
purposes, however, it still remains of importance to prepare a 
non-hydrogenated cephalin with a theoretical elementary com- 
position. As vet this object has not been attained, but consid- 
erable progress towards this end is reported in this communica- 
tion. Substances with elementary composition approaching 
closely the one required by theory and containing between 45 to 
70 per cent of cephalin and the remaining part lecithin have been 
prepared. 

On hydrogenation of this material a sample was obtained con- 
taining 80 per cent of hydrocephalin. The reduced material on 
hydrolysis yielded stearic acid and aminoethanol. 

In a general way the preparation of this material is as follows: 
Crude cephalin is dissolved in glacial acetic acid. To this solu- 
tion 99.5 per cent alcohol is added as long as a precipitate is 
formed. The filtrate is coneentrated under diminished pressure 
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and the residue is emulsified in water and precipitated by means 
of acetone. The precipitate is the substance mentioned. 

The details of the method are given in the experimental part. 

A detailed study of the remaining portion of the cephalin frac- 
tion will be presented in a separate publication. The application 
of this new method of fractionation of the cephalin fraction to 
material obtained from other organs is in progress in this lab- 
oratory. 

EXPERIMENTAL, 


I. Acetone-Soluble Fraction. 


Experiment 1.400 lbs. of liver were minced, dried, and ex- 
tracted five times with acetone, followed by an equal number of 
times with moist ether. The ether extracts were concentrated 
and precipitated with acetone. The precipitate was dissolved in 
ether and reprecipitated with acetone, the latter operation being 
repeated several times. All the acetone-ether solutions thus 
obtained were united with the original acetone extract, concen- 
trated, allowed to stand at 10°C., and filtered. The filtrate was 
further concentrated in vacuo and poured into a large volume of 
acetone. On standing at 10°C., a syrupy precipitate formed 
which was separated by decantation. The acetone solution was 
again concentrated 7n vacuo. The residue was diluted with a little 
alcohol and precipitated with an alcoholic solution of cadmium 
chloride as long as a precipitate jormed. After standing over 
night, the precipitate was filtered, redissolved in ether and water 
as usual, and reprecipitated with alcohol. The precipitate thus 
obtained weighed 250 gm. and contained 4.5 per cent of its total 
nitrogen in the form of amino nitrogen. 

200 gm. of the above product were heated with 1.5 liters of tolu- 
ene, allowed to cool, and centrifuged. A solution, No. 180, and 
a precipitate, No. 181, were thus obtained. The toluene solution 
was stirred into 6 liters of ether to which 1 per cent of water 


had been added. The precipitate, No. 180, was separated and 


washed with alcohol. The vield was 56 gm. of a substance giving 
the following analysis. 


0.1026 gm. of substance gave on combustion 0.1750 gm. of CO», 0.0692 
gm. of H.O, and 0.0240 gm. of ash. 

0.1898 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 1.86 ce. of 0.1 N acid. 
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0.2848 gm. of substance on fusion 0.0314 gm. of Mg. 

0.47 “ 0.1340 “ CdSO,. 

2 gm. of substance were hydrolyzed for a determination of the nitrogen 
distribution with 10 per cent HCl, neutralized, and then concentrated to 
10 ce. 

5 ce. of this solution for Kjeldahl determination required 3.95 ec. of 
0.1 nN acid for neutralization. 

2 ce. of this solution gave no nitrogen gas by a VanSlvke determination. 


Calculated for 
P-2CdCh Found. 


per cent per cent 
0) 0 
Total N 100 100 


The precipitate, No. 181, mentioned above, dissolved for the 
most part in 500 ee. of benzene. The filtered solution was poured 
into 95 per cent alcohol and a precipitate, No. 181, was obtained. 
The vield was 40 gm. of a substance containing 0.5 per cent of 
its total nitrogen in the form of amino nitrogen. 


1.5 gm. of substance were hydrolyzed for a determination of the nitro- 
gen distribution with 10 per cent HCI, neutralized, and then concentrated 
to 10 ce. 

5 ec. of this solution required 3.40 ec. of 0.1 N acid for neutralization in 
Kjeldahl determination. 

2 cc. of this solution in a Van Slyke determination gave 0.02 ec. of N 
gas, P = 760 mm., T = 23°C. 


Experiment 2.—In a second experiment the precipitation of the 
concentrated acetone liquors with acetone was omitted. In this 
case, however, it was more difficult to obtain a fraction free from 
amino nitrogen. After repeated solution in benzene and _ pre- 
cipitation with moist ether, two fractions were obtained. Of 
these, one consisting of 50 gm., was amino nitrogen-free, and the 
other, 95 gm., contained 0.5 per cent of its total nitrogen in the 
form of amino nitrogen 

20 gm. of the lecithin-cadmium chloride compound was freed 
from cadmium chloride by the method described by Levene and 
West. The lecithin thus obtained was purified once by Mace- 
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Lean’s water-acetone method. Attempts to reduce the product 
failed. Hence the purification with water and acetone was re- 
peated four times, after which the precipitate was dissolved in 
ether and reprecipitated with dry acetone. 


The following analytical figures on the unreduced material were 


obtained. 


0.1074 gm. of substance gave on combustion 0.2556 gm. of COs, 0.1014 


gm. of H.O, and 0.0102 gm. of ash. 


0.1940 gm. of substance used for Kjeldahl nitrogen estimation required 


for neutralization 2.71 ec. of 0.1 N acid. 


0.2910 gm. of substance gave on fusion 0.0373 gm. of MgoP.O;. 


Calculated for 


Found. 

per cent per cent 


0.9733 gm. of substance dissolved in 95 per cent alcohol containing one 
drop of acetic acid was reduced with hydrogen in the presence of palla- 
dium by the method of Paal. The palladium and most of the aleohol was 
saturated with hydrogen before the introduction of the substance. 59.7 
cee. of hydrogen gas at 767 mm. pressure and 21°C. were absorbed (54 cc. 
were absorbed in 1 hour and 15 minutes, and after 4 hours the figures given 
above were obtained). Reduced to standard conditions, 59.7 ee. at above 
temperature and pressure are equivalent to 54.4 ce. or 0.00489 gm. of 
hydrogen gas. 

0.3106 gm. of substance absorbed 0.2259 gm. of iodine when titrated 


according to the methods of Wijs. 
Caleulated for 


CulleOQuNP. Found. 


Fatty Acids of Lecithin, 


52 gm. of No. 180 and 38 gm. of No. ISL were combined, 
powdered, and boiled 8 hours with 700 ee. of 10 per cent hydro- 
chloriec acid. After cooling, the cake of fattv acids was filtered 
off. The acids were repeatedly melted in hot water, allowed to 
cool, and separated from the water, until the wash water was 
neutral to litmus. The washed acids weighed about 42 gm. 
They were converted into barium salts by the method deseribed 
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by Levene and Meyer,’ using, however, an aqueous solution of 
barium hydroxide instead of a methyl alcoholic solution as de- 
scribed in the original method. The barium salts were extracted 
with ether until practically nothing further was taken up by the 
solvent. A residue, No. 185, and a solution, No. 186, of barium 
salts were thus obtained. The barium salts of the saturated 
acids, No. 185, were decomposed with LO per cent hydrochloric 
acid on the water bath, and washed free from inorganic acids. 
The fatty acids weighing nearly 21 gm., were converted into lead 
salts by adding an aqueous solution of lead acetate to a methyl 
alcoholic solution of the acids, followed by a few drops of ammo- 
nia water. The lead salts were filtered and washed with water 
and acetone. ‘The salts were then dissolved in hot benzene and 
decomposed with hydrogen sulfide. After removing the lead 
sulfide, the benzene solution was allowed to stand in an ice chest 
and a precipitate, No. 185, was obtained. The fatty acids in 
this fraction melted at 68-68.5°C. (corrected) heated at 5 to 6 
seconds per degree. After one recrystallization from benzene, 
the acid melted at 69-70" (corrected). All melting points recorded 
in this report were taken at such a rate that 5 to 7 seconds were 
consumed for each degree rise. 
The analysis on No. 185 was as follows: 


0.1000 gm. of substance gave on combustion 0.2802 gm. of CQ, and 
0.1170 gm. of H.O. 

1.1546 gm. of substance in a molecular weight determination, dissolved 
in 10 ec. of toluene and 25 ec. of methyl aleohol, required for neutralization 
8.08 ec. of 0.5 ~ alkali. 


Calculated for 


CisHaeOr. Found. 

per cent mr cent 


The combined benzene filtrates from the above acid were con- 
centrated, and a small volume of acetone was added. After 
standing in an ice chest, the fatty acids were filtered off and 
dried. ‘The acids in this fraction melted at 60°C. (corrected) 
and had the following composition, 


> Levene, P. A., and Meyer, G. M., J. Biol. Chem., 1917, xxxi, 627. 
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0.1005 gm. of substance gave on combustion 0.2809 gm. of CO: and 0.1165 


gm. of H,O. 
1.2156 gm. of substance in a molecular weight determination titrated 


as above required for neutralization 8.82 ec. of 0.6 nN NaOH. 


Calculated for 
Found. 
per cent per cent 
275 


These acids were again converted into lead salts, which were 
suspended in ether to remove any trace of unsaturated acids. 
The free acid after liberation was recrystallized from 95 per 


mos 


cent alcohol, and it then melted at 66-67°C. (corrected) and 
analyzed as follows: 


0.1000 gm. of substance gave on combustion 0.2784 gm. of CO,, 0.1164 
gm. of HO, and no ash. 
0.5831 gm. of substance for a molecular weight determination titrated 
as above required for neutralization 4.20 ec. of 0.5 N NaOH. 
Calculated for 


CyeHaeOr. Found. 

per cent per cent 


This substance was apparently stearic acid containing a small 
amount of impurities. 

The ether solution of the barium salts of the unsaturated acids, 
No. 186, was decomposed with 10 per cent hydrochloric acid in the 
presence of benzene and washed free of mineral acid as before. 
The benzene solution of the fatty acids was filtered, evaporated, 
and finally the acids were dried in a 90° air bath. 20 gm. of a 
liquid were thus obtained which remained fluid in the ice chest. 


4.9110 gm. of substance, dissolved in 95 per cent alcohol and hydro- 
genated as previously deseribed, absorbed 1.024 liters of hydrogen at 
755.5 mm. pressure and 22°C., or 0.0825 gm. of hydrogen. 

0.2386 gm. of substance absorbed 0.5028 gm. of iodine when titrated 


according to the method of Wijs. 
Calculated for 


C Found, 
180 210 
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100 gm. of the same sample of lecithin cadmium chloride com- 
pound from which the free lecithin had been obtained were hydro- 
lyzed as previously described. A sample of the free acids was 
dissolved in ether and repeatedly washed with water. The ether 
solution was evaporated and the acids were dried in a steam- 
heated oven. 

0.7961 gm. of the mixed acids was dissolved in 95 per cent aleohol and 
reduced as previously described. The reduction was nearly completed in 
15 minutes. The acids absorbed 75.8 ec. of hydrogen at 762 mm. pres- 
sure and 22.6°C., or 0.00611 gm. of hydrogen. 


Calculated for 
Found. 


It was found that the lead salt of oleic acid was readily soluble 
in ether while the barium salt of this acid was almost insoluble 
in that solvent. Hence the rest of the fatty acids were con- 
verted into lead salts and extracted with ether. The unsatur- 
ated acids were liberated in the ether solution with hydrochloric 
acid and washed free of mineral acid, after which the ether solu- 
tion was evaporated. The fatty acids were converted into barium 
salts and extracted with ether. Only a small residue remained 
after this extraction, and this gave only a trace of fatty acids 
after decomposition with hydrochloric acid. 

The extracted barium salts were decomposed with hydroch'oric 
acid in the presence of ether and washed free of mineral acid. 
The ether solution was evaporated and dried as previously de- 
seribed. A liquid was thus obtained which on hydrogenation 
gave the following figures. 

0.8114 gm. of substance, dissolved in 95 per cent aleohol and reduced by 
Paal’s method, absorbed 185.2 ec. of hydrogen at 760 mm. pressure and 
23°C., or 0.00997 gm. of hydrogen. 


Calculated for 
CisH Found. 


The unsaturated acids were hydrogenated by Paal’s method, 
and the reduced acids purified by converting them into lead salts. 
Repeated reerystallization from 95 per cent alcohol gave acids 
which melted at 69-70°C. (corrected). With Kahlbaum’s 
stearic, which had a melting point of 68-69°, it melted at 63°C. 
The substance had the following composition. 
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0.1006 gm. of substance gave on combustion 0.2850 gm. of CO, and 0.1194 
gm. of H.O. 

0.1004 gm. of substance gave on combustion 0.2838 gm. of CO, and 0.1184 
gm. of H.O. 

1.0718 gm. of substance for a molecular weight determination dissolved 
in toluene and methy! alcohol required for neutralization 6.72 ec. of 0.5 .N 
NaOH, 


Calculated for 


Found. 

per cent per cent 


Further investigation will be required before a final decision 
as to the actual composition can be reached. 


IT. Acetone-Insoluble, Alcohol-Soluble Fraction. 


experiment leeithin-cadmium chloride compound almost 
free from amino nitrogen was obtained from the acetone-insoluble, 
aleohol-soluble fraction of the lipoids. The solution of the lipoids 
in alcohol was precipitated with cadmium chloride as previously 
deseribed, and the precipitate was dissolved in benzene and pre- 
cipitated with ether saturated with water. The operation was 
repeated four times. At first a large volume of ether was em- 
ploved, and it was found necessary to add alcohol to accomplish 
a satisfactory separation. <A vield of 57 gm. of a snow-white 
substance was thus obtained, which contained 0.42 per cent of 
its total nitrogen in the form of amino nitrogen. 


2 gm. of the substance were hydrolyzed to determine the nitrogen 
distribution, neutralized, and concentrated to 10 ce. 

5 ce. of the solution required for neutralization 4.63 cc. of 0.1 N acid in 
Kjeldahl determination. 

2 ce. of this solution gave 0.02 cc. of N gas ina Van Slyke determination, 
P = 755 mm., 7 = 23°C. 


The fatty acids from this fraction were obtained as previously 
deseribed. The mixed acids had the following characteristics. 


1.0025 gm. of substance reduced by Paal’s method absorbed 97 ec. of 
H at 761 mm. pressure and 22.2°C., or 0.00751 gm. of hydrogen. 

0.3113 gm. of substanee absorbed 0.3217 gm. of iodine when titrated 
according to the method of Wijs. 
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Caleulated for 


Found. 


The saturated acids after one reerystallization from 95 per cent 
aleohol melted at 6.85° C. (corrected) and had the following 
composition, 


Q.100S gm. of substanee gave on combustion 0.2804 gm. of CO, and 
0.1160 gm. of 

0.9066 gm. of substance in a molecular weight determination dissolved 
in toluene and methyl aleohol!l required for neutralization 6.40 ec. of 0.5 N 


Calculated for 


Found. 

e per cent per cent 


Reervstallized from aleohol, this acid melted at 70-72°C. (corrected). 
A mixture with Kahlbaum’s stearic acid, having a melting point of 6S-69°, 
melted at 68.5°C. (corrected). 


The ether solution of the barium salts of the unsaturated acids 
was evaporated. Attempts to dissolve the residue in pure ben- 
zene failed as a gelatinous transparent suspension was formed 
from which the salts could again be separated by centrifuging. 
The salts dissolved readily in benzene containing 5 per cent abso- 
lute alcohol, from which they were precipitated by pouring the 
solution into a large volume of absolute aleohol. The substance 
was dried in vacuum over sulfuric acid, at temperature of boiling 
water, and had the following barium content. 


0.0973 gm. of substanee gave on fusion 0.0522 gm. of BaSQ,, 


Caleulated for/ 


CyeHeO Ba. Found. 
per cent & per cent 


After allowing the barium salts of the above acids to stand in a 
desiccator over sulfurie acid for more than a week, their solubility 
in ether had decreased, and the free acids obtained by decompo- 
sition with hydrochloric acid formed a viscous syrup. Oxidation 
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had evidently taken place for on hydrogenation the following 
figures were obtained. 


0.6275 gm. of substance reduced by Paal’s method absorbed 71.3 cc. of 
H{ at 760 mm. pressure and 22.8°C. or 0.00571 gm. of hydrogen. 
0.3455 gm. of substance absorbed 0.4161 gm. of iodine when titrated 
according to the method of Wijs. 
Calculated for 


Found. 


Experiment 4.--Another sample of acetone-insoluble, aleohol- 
soluble lipoid was purified by water and acetone, dried, dissolved 
in glacial acetic acid, and poured into a large volume of dry 
acetone. The mixture was allowed to stand at O°C. over might, 
when a small precipitate, No. 68, was obtained. ‘This substance 
had the following composition. 


0.1002 gm. of substance gave on combustion 0.2227 gm. of COs, 0.0823 
gm. of HeO, and 0.0107 gm. of ash. 
0.1960 gm. of substance used for Nieldahl nitrogen estimation required 
for neutralization 3.14 ec. of 0.1 N acid. 
0.2940 gm. of substance gave on fusion 0.0377 gm. of MgoP.O;. 
1 gm. was hydrolyzed in estimating the nitrogen distribution, neutral- 
ized, concentrated, and made up to 10 ce. 
5 ee. of this solution required 2.92 ec. of 0.1 N acid for neutralization in 
Kjeldahl determination. 
2 ce. of this solution gave on Van Slyke determination 1.48 ec. of N gas; 
P = 764 mm.. T = 21°C. 
Found: C = 61.23, H = 9.44, N = 2.30, P = 3.66 per cent. 
NH» N old 
TotalN 


The acetic acid-alcohol filtrate from No. 68 was evaporated tn 
vacuo to a thick syrup, keeping the temperature as low as pos- 
sible. The residue was emulsified with water and precipitated 
with a small volume of acetone. The precipitate was dis- 
solved in ether, reprecipitated by acetone, and dried. This sub- 
stance had the following composition. 


0.1059 gm. of substance gave on combustion 0.2523 gm. of COs, 0.0971 
gm. of H.O, and 0.0101 gm. of ash. 

0.2882 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 4.39 ec. of 0.1 N acid. 
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0.2885 gm. of substance gave on fusion 0.0405 gm. of MgeP.2O;. 


0.5 gm. was hydrolyzed for an estimation of the nitrogen distribution, | 


neutralized, concentrated, and made up to 10 ce. 

5 ec. of this solution required 2.16 cc. of 0.1 N acid for neutralization in 
Kjeldahl determination. 

2 ec. of this solution in a Van Slyke determination gave 0.33 cc. of N gas; 
P = 768 mm., T = 24°C. 

Found: C = 65.38, H = 10.12, N = 2.17, P = 3.92 per cent. 

NH2N _ 13.7 

TotalN 100. 


Experiment 5,—Another sample of crude lecithin, which had 
not been fractionated with acetic acid-acetone, was united with 
the substance of the above composition and reduced by the 
method of Paal. After the palladium was removed, the alco- 
holic solution was allowed to stand in an ice chest when the 
lipoids crystallized and were filtered off. 56 gm. of lipoids thus 
obtained were dissolved in chloroform and poured into several 
volumes of dry ether. The precipitate, weighing 48 gm., was dis- 
solved in 750 ec. of a mixture of methyl ethyl ketone and chloro- 
form as described by Levene and West.® 31 gm. separated when 
the mixture was allowed to stand at room temperature over 
night. ‘This substance had the following composition. 


0.1046 gm. of substance gave on combustion 0.2544 gm. of COs, 0.1040 
gm. of HO, and 0.0104 gm. of ash. 

0.2980 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 3.54 ec. of 0.1 N acid. 

0.2044 gm. of substance gave on fusion 0.0396 gm. of Mg.P.O-;. 

0.5 gm. was hydrolyzed for determination of the nitrogen distribution, 
neutralized, concentrated, and made up to 10 ce. 

5 ec. of this solution required for neutralization 2.06 ce. of 0.1 N acid 
for a Kjeldahl estimation. 

2 ec. of this solution gave in a Van Slyke determination 0.52 ec. of N 
gas; P = 773 mm., T = 25°C. 

Found:C = 67.27, H = 11.28, N = 1.70, P = 3.79 per cent. 

NH: N 25.8 

Total 100 


The filtrate from the above compound was allowed to stand 
in the ice chest, when a substance of the following composition 
separated. 


6 Levene, P. A., and West, C. J., J. Biol. Chem., 1918, xxxv, 255. 
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0.1035 gm. of substance gave on combustion 0.2499 gm. of COs, 0.0964 
gm. of HO, and 0.0094 gm. of ash. 

0.1950 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 2.74 ec. of 0.1 N acid. 

0.2925 gm. of substance gave on fusion 0.0407 gm. of MgeP.O,. 

1 gm. was hydrolyzed for estimation of the nitrogen distribution, neu- 
tralized, concentrated, and made up to 10 cc. 

5 ce. of this solution required for neutralization 4.72 cc. of 0.1 N acid for 
Kieldahl determination. 

2 ec. of this solution used for Van Slyke determination gave 0.90 cc. of 
N gas; P = 765 mm., 7 = 22°C. 

Found: C = 66.0, H = 10.46, N = 1.96, P = 3.87 per cent. 

NH:N 19.3 


Total N 100 
IIT. Cephalin Fraction. 


The lipoids precipitated by pouring their solution in ether into 
a large volume of aleohol were extracted four times with 95 per 
cent aleohol at 60°C. for 40 minutes as described by Levene and 
KXKomatsu.4 The residue was dissolved in ether, precipitated 
with acetone, and dried. This substance, No. 6, had the fol- 
lowing composition. 

0.0968 gm. of substance on combustion gave 0.2180 gm. of COs, 0.0750 
gm. of HeO, and 0.0122 gm. of ash. 

0.1906 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 2.84 ce. of 0.1 N acid. 


0.2858 gm. of substance gave on fusion 0.0400 gm. of Mg.P2O-. 
Found: C = 63.07, H = 8.96, N = 2.17, P = 4.15 per cent. 


The substance was further fractionated by dissolving it in ether 
and pouring the solution into a large volume of alcohol. Finally 
the material was separated into two fractions by dissolving it in 
a small volume of ether and allowing it to stand at O° for 241 
hours. An ether solution, No. 26, and a precipitate, No. 28, 
were thus obtained. Both Nos. 26 and 28 were then sepa- 
rately dissolved in ether and precipitated with a small volume of 
alcohol, this operation being repeated several times. After this 
treatment No. 26 analyzed as follows: 


0.1044 gm. of substance gave on combustion 0.2278 gm. of CQ:, 0.0830 
gin. of H.O, and 0.0148 gm. of ash. 

0.3155 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 3.04 ec. of 0.1 N acid. 
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0.2895 gm. of substance gave on fusion 0.0400 gm. of Mg.P.O;. 

1.4 gm. of substance was hydrolyzed to determine the nitrogen distri- 
bution, neutralized, concentrated, and made up to 10 ce. 

5 ec. of this solution required for neutralization 8.05 cc. of 0.1 N acid 


in a Kjeldahl] determination. 

2 cc. of this solution used for a Van Slyke determination gave 1.69 ce. 
of N gas, P = 757 mm., T' = 23°C. 

Found: C = 62.86, H = 9.39, N = 1.86, P = 4.06 per cent. 

NH: N _ 55.2 


TotalN 100 
No. 28 analyzed as follows: 


0.2381 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 2.95 ec. of 0.1 N acid. 

0.3000 gm. of substance gave on fusion 0.0514 gm. of MgeP.O;. 

1 gm. was hydrolyzed to determine the nitrogen distribution, neu- 
tralized, concentrated, and made up to 10 ce. 

5 ce. of this solution required for neutralization in a Kjeldahl determi- 
nation 3.25 ec. of 0.1 N acid. 

2 ce. of this solution used for a Van Slyke estimation gave 1.58 ec. of N 
gas, P = 768.2 mm., 7 = 25°C. 

Found: N = 1.73, P = 4.77 per cent. 

NH, N — 48.7 

Total N 100 


A substance analyzing unusually well was obtained from No. 28 
by the following procedure. The material was dissolved in three 
parts of glacial acetie acid with slight warming. The solution 
was poured into ten parts of aleohol, the precipitate separating on 
standing in the cold. This was removed by filtration and the 
filtrate then concentrated in vacuo, without heat, to a thick 
svrup. Attempts to dissolve the residue in ether and reprecipi- 
tate it with acetone failed as the lipoid of this fraction was soluble 
in acetone in the presence of acetic acid. However, the syrup 
was emulsified with water and precipitated with a small quantity 
of acetone as described by MacLean for the purification of lecithin. 
The precipitate was dissolved in ether and reprecipitated with 
acetone. This substance had the following composition. 


0.1036 gm. of substance gave on combustion 0.2372 gm. of COz:, 0.0838 


gm. of H2O, and 0.0137 gm. of ash. 
0.3519 gm. of substance used for Kjeldah! nitrogen estimation required 


for neutralization 3.54 ec. of 0.1 N aeid. 
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0.2916 gm. of substance gave on fusion 0.0357 gm. of MgeP20;. 

0.8 gm. was hydrolyzed to determine the nitrogen distribution, neutral- 
ized concentrated, and made up to 10 ce. 

5 ec. of this solution required for a Kjeldahl determination 1.56 ec. of 
0.1 N acid. 

2 ec. of this solution in a Van Slyke estimation gave 1.04 ec. of N gas, 
P = 759 mm., 7 = 24°C. 

Found: C = 66.00, H = 9.5, N = 1.487, P = 3.60 per cent. 

_ 66.4 

Total N 100 


It was later demonstrated that the acetone-insoluble material, 
precipitated from its solution in ether with alcohol at room tem- 
perature, was well adapted as a starting material for obtaining a 
substance of the above composition. The material was simply 
dissolved in acetic acid and poured into a large volume of dry 
aleohol. The filtrate was treated as previously described. On 
samples where the carbon was still low, the process was repeated, 
thereby increasing the carbon content, while the ratio of the 
amino nitrogen to total nitrogen remained the same. It was 
more difficult to obtain this material from crude cephalin which 
had been purified by the hydrochloric acid method. The analyses 
of some of these fractions are given in Table I. 


Several samples of this material were combined, dissolved in 
hot absolute alcohol, and placed in an ice chest. The precipitate 
was separated by filtration. The filtrate was evaporated in vacuo, 
and the residue was dissolved in hot methyl ethyl ketone. On cool- 
ing to room temperature asmall amount of a white solid separated. 
This substance, No. 131, had the following composition. 


0.1000 gm. of substance gave on combustion 0.2400 gm. of CO., 0.0966 
gin. of HO, and 0.0100 gm. of ash. 

0.1894 gm. used for Kjeldahl nitrogen estimation required 3.96 cc. of 
0.1 N acid for neutralization. 

0.2841 gm. of substance gave on fusion 0.0366 gm. of MgoPsO;. 

1 gm. was hydrolyzed to estimate the nitrogen distribution, neutral- 
ized, concentrated, and made up to 10 ce. 

5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 3.25 ec. of 0.1 N acid. 

2 cc. of this solution gave in a Van Slyke determination 0.65 ec. of N 
gas, P = 752 mm., T = 25°C. 

Found: C = 66.78, H = 11.03, N = 2.93, P = 3.66 per cent. 

NH2N _ 19.7 

Total N 100 
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The filtrate from No. 131 was evaporated in vacuo. The residue 
was taken up in 95 per cent alcohol, slightly acidified with acetic 
acid, and reduced by Paal’s method. After hydrogenation had 
proceeded for a time a considerable quantity of solids separated 
which apparently hindered further catalytic action. The tubes 
were emptied, the solids were separated by filtration in an ice 
chest, and the hydrogenation was repeated on the filtrate. The 


TABLE I. 


No. | Cc H | N | I | Total 


per cent | per cent | per cent | per cent | 


| 
we 


82 64.42 9.92} 1.91 | 3.80 


95 65.76 | 9.83| 1.52 | 3.37 | — 


© 


66.00 | 10.43 | 1.79 3.98 


104 64.93 | 10.03 


bo 


.28 3.64 


122 64.78 8.97 


217 66.46 | 10.10 | 2.36 


Calculated: | | 
for CasHssOoNP (lecithin) | 65.60 | 10.79) 1.74 3.86 


for CallgOsNP 66.17 | 10.57| 1.88 | 4.17 | — 


reduced lipoids thus obtained were dissolved in hot absolute 
alcohol, filtered from palladium, and allowed to cool to room tem- 
perature. The resultant precipitate, No. 132, gave the following 
analysis. | 


0.1023 gm. of substance gave on combustion 0.2416 gm. of COs, 0.0910 
gm. of H.O, and 0.0118 gm. of ash. 

0.1947 gm. used for Kjeldahl nitrogen estimation required for neutrali- 
zation 2.58 ec. of 0.1 N aeid. 
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0.2948 gm. of substance gave on fusion 0.0406 gm. of Mg:P:0;. 

1 gm. was hydrolyzed to estimate the nitrogen distribution, neutral- 
ized, concentrated, and made up to 10 ce. 

5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 3.55 ec. of 0.1 N acid. 

1.5 ec. of this solution gave in a Van Slyke determination 1.94 cc. of N 
gas, P = 752 mm., T = 24°C. 

Found: C = 65.98, H = 10.30, N = 1.89, P = 3.93 per cent. 

NH:N 71.8 


Total N 100 


The filtrate from No. 132 was allowed to stand in an ice chest 
whereupon a precipitate, No. 137, was obtained. ‘This substance 
gave the following analysis. 


0.1029 gm. of substance gave on combustion 0.2480 gm. of CO», 0.0942 
gm. of H,O, and 0.0105 gm. of ash. 

0.1944 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 2.03 ec. of 0.1 N acid. 

0.2916 gm. of substance gave on fusion 0.0408 gm. of MgoP2O;. 

1 gm. was hydrolyzed to determine the nitrogen distribution, neutral- 
ized, concentrated, and made up to 10 ce. 

5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 3.45 ec. of O.1 N acid. 

2 ec. of this solution gave in a Van Slyke determination 1.79 ec. of N 
gas, P = 750 mm., T = 25°. 

Found: C = 66.68, H = 10.36, N = 2.02, P = 3.94 per cent. 

NH, N _ 51.1 

Total N 100 


The filtrate from No. 137 was evaporated. The residue was 
dissolved in ether and precipitated with acetone. The precipi- 
tate, No. 139, gave the following analysis. 


0.0944 gm. of substance gave on combustion 0.22382 gm. of CO», 0.0906 
gm. of HO, and 0.0094 gm. of ash. 

0.1798 gm. of substance used for Kjeldahl nitrogen estimation required 
for neutralization 2.18 ec. of 0.1 N acid. 

0.2697 gm. of substance gave on fusion 0.0368 gm. of MgoP2O;. 

0.5 gm. was hydrolyzed to determine the nitrogen distribution, neu- 
tralized, concentrated, and made up to 10 ce. 

5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 1.61 ec. of 0.1 N acid. 

1.75 ec. of this solution gave in a Van Slyke determination 0.62 cc. of 
N gas, P = 773 mm., T = 24°. 
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Found: C = 65.28, H = 10.87, N = 1.72, P = 3.84 percent. 
NH.N 44.6 
TotalN 100 


After washing the reduction tubes with hot alcohol a solid 
remained attached to the walls, which was not easily removed 
with that solvent. This material was dissolved in a mixture of 
chloroform and alcohol and filtered. After evaporation of the 
solvent, the residue was dissolved in hot absolute alcohol, filtered, 
and allowed to cool to room temperature. The precipitate, No. 
142, gave a clear colorless filtrate after hydrolysis with hydro- 
chloric acid, and this solution did not reduce Fehling’s solution. 
No. 142 had the following composition. 


0.1040 gm. of substance on combustion gave 0.2472 gm. of CO», 0.0970 
gm. of H.O, and 0.0109 gm. of ash. 

0.1954 gm. of substance used for Kjeldahl! nitrogen estimation required 
for neutralization 2.28 ec. of 0.1 N acid. 

0.2938 gm. of substance gave on fusion 0.0402 gm. of Mg.P20:. 

0.5 gm. of substance was hydrolyzed to determine the nitrogen distri- 
bution, neutralized, concentrated, and made up to 10 ce. 

5 ec. of this solution required for neutralization in a Kjeldahl deter- 
mination 1.07 ec. of 0.1 N acid. 

2 ec. of this solution gave in a Van Slyke determination 0.87 cc. of N gas, 
P = 754 mm., T = 23°. 

Found: C = 66.05, H = 10.62, N = 1.66, P = 3.87 per cent. 

NH. N SO.7 

TotalN 100 


10 gm. of No. 139 were hydrolyzed and the bases and acids 
were obtained as previously’ described. In this case, however, 
the extraction with alcohol and acetone was not repeated. 0.035 
gm. of amino nitrogen was obtained in the acetone extract, 
and from this 0.33 gm. of a gold salt was obtained which melted 
at 188°C. and analyzed as follows: 


0.1159 gm. of substance gave 0.0570 gm. of Au on ignition to constant 
weight. 


Calculated for 
C,HeON AuCh. Found. 
per cent per cent 


7Levene, P. A., and Ingvaldsen, T., J. Biol. Chem., 1920, xliii, 355. 
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The residue from the acetone extract gave a picrate which 
melted at 240-241° and had the following nitrogen content. 


0.2448 gm. of substance used for a modified Kjeldahl nitrogen estima- 
tion required for neutralization 29.3 ec. of 0.1 N acid. 
Calculated for 


CeHuON CoHeOrNs. Found 
per cent per cent 


The fatty acids were obtained as previously described. The 
acids were once recrystallized from acetone, and then from ether. 
The substance melted at 68°-69°C. (corrected) and had the 
following composition. 


0.1012 gm. of substance gave O.2S10 gm. of COs, 0.1146 gm. of HO, and 
no ash. 

1.0294 gm. dissolved in benzene and methyl alcohol in a molecular 
weight determination required for neutralization 35.3 ce. of 20.1 N NaOH 
solution. 

Calculated for 


CisHeO, Found 

per cent per cent 
H 12.76 12. 67 
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STRUCTURE OF YEAST NUCLEIC ACID. 


AMMONIA HYDROLYSIS: ON THE SO CALLED TRINUCLEOTIDE 
OF THANNHAUSER AND DORFMULLER. 


By P. A. LEVENE. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, June 28, 1920.) 


In a previous communication! were presented the theoretical 
arguments which militated against the conception of the struc- 
ture of veast nucleic acid formulated by Thannhauser and 
Dorfmiller.? 

In order to add weight to the theoretical considerations, it 
seemed desirable to demonstrate by experiment that the tri- 
nucleotide described by these authors was in reality a mixture of 
mononucleotides. 

These authors state: “Levene regards veast nucleic acid as a 
tetranucleotide. If this view is correct then on mild hydrolysis 
one should obtain the four nucleotides.”’ Instead, Thannhauser 
and Dorfmiiller claimed to have isolated uridinphosphorie acid 
and a trinucleotide. 

Hence, if it were shown by experiment that the four mono- 
nucleotides were formed under conditions of hydrolysis employed 
by these authors, then the theory advanced by them would auto- 
matically fall. True, the present writer has demonstrated the 
cleavage of the molecule of yeast nucleic acid into four mono- 
nucleotides under conditions of hydrolysis that are much milder 
than those employed by Thannhauser and Dorfmiiller, yet it 
seemed desirable to prove that following the exact directions of 
these authors and employing efficient methods of separation one 
obtains in realitv a mixture of mononucleotides and not a tri- 
nucleotide. 

1 Levene, P. A., J. Biol. Chem., 1918, xxxiii, 425; 1919, xl, 415. 

Thannhauser, J. 8., and Dorfmiller, G., Z. physiol. Chem., 1917, 121. 
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The conditions of hydrolysis employed by Thannhauser and 
Dorfmiiller were the following: 50.0 gm. of nucleic acid were 
taken up in 140.0 cc. of 25 per cent ammonia solution and boiled 
with reflux condenser for 2 hours. In the experiments herein 
reported 500.0 gm. of nucleic acid were taken up in 1,500 cc. of 
25 per cent ammonia water and heated with reflux condenser for 
30 minutes; thus the time of the action of the alkali was reduced 
to one-quarter of that employed in the original experiment of 
Thannhauser and Dorfmiller. 

From the product of hydrolysis there were isolated in crystal- 
line form the three mononucleotides entering into the structure 
of the molecule of nucleic acid and guanylic acid thus far ob- 
tained only in an amorphous condition. 

These results were to be expected on the basis of the experience 
reported in previous publications, and they further confirm 
the conclusion regarding the structure of the molecule of yeast 
nucleic acid expressed by the present writer. 


EXPERIMENTAL, 


Conditions of hydrolysis were practically those of Thannhauser 
and Dorfmiiller, save for the duration of the experiment. 500.0 
gm. of nucleic acid were taken up in 1,500 ec. of 25 per cent am- 
monia water. The product of hydrolysis was concentrated un- 
der diminished pressure and separated into the guanylie and aden- 
vilic fractions following the directions of Jones and coworkers.® 

ach fraction was converted into its brucine salt and these were 
fractionated by crystallization out of 35 per cent aleohol and out 
of methyl alcohol. The fractionation of this material did not 
proceed as smoothly as that of the material described in previous 
publications. As a guide the analysis of the brucine salts of 
rarious fractions was used. But the analytical differences of 
various fractions were not so characteristic as corresponding 
fractions of brucine salts, when these were obtained from material 
hydrolyzed under conditions described in previous papers. 


3 Jones, W., and Richard, A. E., J. Biol. Chem., 1914, xvii, 71. Jones, 
W., and Germann, H. C., J. Biol. Chem., 1916, xxv, 93. 
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From the most soluble brucine salts (soluble in methyl alcohol) 
adenylic acid was obtained. The brucine salts were converted as 
usual into the lead salts and these into free adenosinphosphoric 
acid. 

The analytical data on the substance are as follows: 


0.1002 gm. of the substance gave 0.1190 gm. of CO, and 0.0418 gm. of 
H.O. 
0.2000 gm. of the substance employed for Kjeldahl nitrogen estimation 
gave 26.93 ec. of 0.1 N acid. 
Calculated for Found. 


CioHisNsPO;+ H2O. 
per cent per cent 
The optical rotation of the substance was 
— O.S4 100 
= = —42,(° 


1x2 


The mother liquor for the erystalline adenosinphosphorie acid 
on concentration gave a crystalline deposit resembling cytosin- 
phosphoric acid. The substance was recrystallized out of a solu- 
tion of one part of water to three of ethyl alcohol, and analyzed 
as follows: 


0.1096 gm. of the substance gave 0.1360 gm. of CO, and 0.467 gm. of H,O. 
0.2000 gm. of the substance employed for Kjeldahl! nitrogen estimation 
required for neutralization IS.S7 ec. of 0.1 N acid. 
Caleulated for Found. 


NsPOs. 
per cent per cent 
The rotation of the substance was 
+ 0.87 XK 100 
26 
a = 43.5 


The uridinphosphoric acid was obtained from the most insoluble 
fraction of brucine salts. The brucine salt was converted into am- 
monium salts. The sample, however, analyzed for a mixture of 
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mono- and di-basic ammonium salt. The mother liquor of the 
ammonium salt was transformed into a lead salt which, dissolved 
on boiling and on slow cooling, settled out in crystals of the 
appearance of the lead salt of uridinphosphorie acid. 

The salt analyzed as follows: 


)) 1000 gm. of the substance employed for Kjeldahl] nitrogen estimation 


required for neutralization 3.96 ec. of 0.1 N acid. 

Caleulated for Found. 
Cally 

per cent per cent 

| 


| (;uanosinphosphorie acid was obtained only in the gelatinous 
| state, and only because of the small yield the material could not be 
made to crystallize. 
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RELATION OF HYDROGEN ION CONCENTRATION TO 
THE INCOAGULABILITY OF BLOOD PRODUCED BY 
PEPTONE, HIRUDIN, AND COBRA VENOM.¥* 


By MAUD L. MENTEN. 


(Prom the Hull Laboratory of Biochemistry, University of Chicage, Chicago.) 
teceived for publieation, July 8, 1920.) 


‘The experiments which form the basis of this paper were under- 
taken at the suggestion of Professor Mathews of this laboratory, 
with a view to determine, if possible, whether the processes giv- 
ing rise to an inhibition of the coagulability of the blood through 
the agencies of peptone, hirudin, and cobra venom are accompanied 
by any alterations in the hydrogen ion content of the blood, and, if 
so, whether these changes might throw any light on the processes 
taking place. The results show that when incoagulability is 
produced by the intravenous injections of peptone, there occurs a 
verv marked acidity which is absent when the incoagulability is 
brought about by similar injections of hirudin and cobra venom. 
Evidences adduced from experiments with the latter two sub- 
stances indicate that their anticoagulant power is much dimin- 
ished with an increase of acidity. 


INTRODUCTION, 


The properties of the three substances in question and their 
probable mode of aetion in the organism have been the subject 
of much experimental work. Many of these investigations have 
been made on animals of the most diverse types, and have given 


* The work reported in this paper was done some time ago at the Uni- 
versity of Chieago. The publication was delayed in the hope of adding to 
and elucidating some of the data. The intervention of the war delayed 
the publication still further. 

A. P. Mathews, 
University of Cincinnati. 
October, 
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rise to many contradictory statements and widely differing 
theories. However, since the results outlined in the following 
pages have been obtained from a study of dog blood only, and 
deal with the physicochemical conditions under which the pep- 
tone, hirudin, and venom act, or which they create in the blood, 
rather than the compounds with which they react, a review of the 
literature pertaining to these substances is not given. 


Methods. 


All estimations of the reaction of the blood were made by 
means of the gas chain method, and since the procedure adopted 
has been that described by Michaelis (1) in detail, no descrip- 
tion of it will be given here. The electrode vessels used were 
the Michaelis U-tubes into which the blood was allowed to flow 
from cannulas inserted into the vessels of the animal. In the case 
of the ear veins the blood passed from an incision in the vessels 
directly into the hydrogen electrode. The readings obtained 
with these tubes were frequently supplemented by others made 
with the Hasselbalch electrode which gives slightly more nearly 
correct values when the fluids examined contain large quantities 
of COs. Very small differences, practically negligible, were found 
between the values obtained with either electrode. This is 
probably due to the small percentage of CO, which the peptone 
blood contains, as has been shown by Salviolo (2) and by La- 
housse (3). Unless otherwise mentioned, coagulation was con- 
sidered complete when the tube containing clotted blood could 
be inverted without loss of contents. This method of estimating 
coagulation, although less exact than others, was employed 
because a minimum amount of time was required in manipulation. 
Throughout the series, dogs were used exclusively, and these 
were not fed for 24 hours preceding each experiment. 

Further description of methods employed is given in connec- 
tion with the various groups of experiments into which the paper 


is divided. 
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RESULTS AND DISCUSSION. 


1. Experiments Showing Changes in Alkalinity Following Injection 
of Peptone. 


Previous to each experiment the reaction of normal dog blood 
was estimated in blood obtained from the vessels of the ear. 
The dog was then anesthetized with ether and, during the anes- 
thesia, cannulas were inserted into the external jugular vein and 
the carotid artery. The animal was then allowed to recover 
for 1 hour in order to avoid any possible alteration in reaction of 
the blood resulting from the anesthetic which has been shown by 
Menten and Crile (4) to cause a marked increase in acidity per- 
sisting for a period not longer than 45 minutes. On complete 
recovery, the required amount of 9 per cent Witte’s peptone in 
0.85 per cent NaCl was run into the jugular vein from a burette 
and duplicate samples of blood were then drawn immediately 
and subsequently at varying intervals from the carotid artery. 
One sample was observed for the coagulation time and on the 
other measurements of the alkalinity were made. Following the 
injection of the peptone in quantities greater than 0.1 gm. per 
kilo of dog, the blood rapidly develops a marked increase in 
acidity, of which the degree and the rapidity of onset are largely 
dependent upon the amount of peptone injected. The greater 
the percentage of peptone per kilo of animal, the more profound 
is the reaction and the more rapidly does a fatal acidity of the 
blood develop. This is illustrated by Protocols 1 and 2 which 
are typical of the five experiments made. 


Protocol 1.—Dog weighed 5 kilos. 1 hour after cessation of ether 
administration 30 cc. of 9 per cent Witte’s peptone in 0.85 per cent NaCl 
(0.54 gm. of peptone per kilo) were injected into the external jugular vein. 
Blood withdrawn from the carotid artery shows the values given in Table I. 
Normal blood clotted in 3} minutes, but all samples of peptone blood 
were uncoagulated at the end of 48 hours. 

Protocol 2.—Dog weighed 4,400 gm. 1 hour and 10 minutes after the 
cessation of ether administration 95 cc. of 9 per cent Witte’s peptone in 
0.85 per cent NaCl (2.11 gm. per kilo) were rapidly injected into the exter- 
nal jugular vein. Samples of blood withdrawn from the carotid artery 
remained uncoagulated in the ice box at the end of a week and gave the 
reactions recorded in Table II. 
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TABLE I. 


Blood 
| Blood. H+ x 
| pil 
Normal blood from ear vein.................... | 7.Al | 0.39 
3 min. after peptone injection................. | 7.38 | 0.42 
TABLE 
| pit 
Normal blood from ear vessels..... / 7.31 | 0 49 
5 min. following peptone injection.............) 7.09 | 0.82 


When asmaller amount of peptone was injected, the maximum 
acidity did not reach such a high value, and the blood in a short 
time regained its normal reaction, as is shown in Protocol 3. 


Protocol 3.— Dog weighed 8,700 gm. Into a cannula in the external jugu- 
lar vein 40 ee. of 8 per cent Witte’s peptone in 0.85 per cent NaCl (0.57 
gm. per kilo) were rapidly run from a burette. Blood from the carotid 
artery gave the reactions recorded in Table III. 


TABLE IIT. 


| Coagulation time. | Blood. peaeodlle 

| 

| pil 
Normal blood from ear.......... 3 min., 40 see. 7A 0 37 
6 min. after injection of peptone. Between 3 and 4 hrs. | 7.46 0.35 
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With doses of peptone less than 0.5 gm. per kilo of animal 
immediately following injection there is produced a suspension of 
coagulabilitv parallel with which an increased acidity is devel- 
oped in the blood. The period of time during which the coagu- 
lant power of the blood is suspended varies between 15 and 20 
minutes, an observation already reported by Gleyv and Pachon 
(5) and other workers. At the end of this period there is a return 
to the normal blood reaction, with a loss of the acquired property 
of incoagulability. 


TABLE IV. 
| Blood 
Coagulation time. | Blood Ht‘ a 
pH 
Normal blood from ear.......... 35 min. 1.44; 0.37 
‘ | 
artificial respiration.......... = (.46| 0.35 


Blood taken | | | 
4 min. after peptone injection, | Not coagulated inShrs., 7.51, 0.31 


10 ‘6 | 7 93 | 0 59 
| on | 729 | 0 61 
is | és sé 17 34 | 0 46 
32 min. 7.341 0.46 


In order to ascertain whether these changes were not primarily 
due to changes in respiration, experiments were performed in 
which, following severing of the spinal cord, artificial respiration 
was instituted so there could be no lack of respiratory exchange 
in the lung due to decreased oxvgen tension in the alveoh. That 
the acidity is not due to this cause is clearly indicated by Pro- 
tocol 4. Three similar experiments gave analogous results. 


Protocol 4.—Dog weighing S kilos was anesthetized with ether and 
cannulas were inserted int») the external jugular vein and carotid artery. 
The spinal cord was severed and artificial respiration commenced imme- 
diately. 10 minutes subsequently 31 cc. of 9 per cent Witte’s peptone in 
0.85 per cent NaCl (0.35 gm. of peptone per kilo) were injected into the 
external jugular. The blood gave the reactions recorded in Table LV. 


Contejean (6) who in his experiments, previous to the injee- 
tions of peptone severed the spinal cord for the purpose of exclud- 
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ing the possible influence of the nervous system on the retarda- 
tion of coagulation caused by peptone, also reports no appreciable 
difference in the incoagulability obtained when this procedure 
was employed. 

In order to ascertain whether there was developed in the 
plasma a rise in the acidity coincident with that occurring in the 
blood, a number of experiments were performed in which readings 
were made on both fluids. In the five experiments made the 
changes in the reaction of the plasma were also found to be 
marked as is shown in Protocol 5. 


TABLE V. 


Blood. Plasma. 

pH | | pH 
Normal blood from ear vessel......... 71.46 | | | Of 
’ min. following peptone injection... 7.43 | 0.37 | 8.03 0.09 
“ 7.40 | 0.40 | 7.96 | 0.11 
« “ ‘“ 7.37 | 0.43 | 7.92 | 0.12 
9 « “ “ “ 7.22 | 0.61 7.84 | 0.15 
« “ 70 | 7.78 | 0.8 

7 | 7.72 | 0.24 


16 | 0.70 | 


Protocol 5.—3 hours after the cessation of ether administration, there 
was injected into the external jugular of a dog weighing 8,500 gm. 40.7 cc. 
of Witte’s peptone in 0.85 per cent NaCl (0.42 gm. per kilo). Measure- 
ments of the blood and plasma gave values which are typical of the five 
cases (Table V). 

24 hours later, none of these samples was coagulated except the last in 
which small shreds of clot were beginning to form about the surface of the 
test-tube. 


The experiments made with Witte’s peptone demonstrate that 
coincident with the retardation or inhibition of coagulation, 
there is a marked increase in the acidity of the blood and of the 
plasma, and that this increase is proportional to the amount of 
peptone injected and the degree of incoagulability produced. 
These results on the change in acidity are in harmony with those 
reported by Salviolo (2) and by Lahousse (3), both of whom 
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found by titration an increased acidity with a decreased COz 
tension in the blood. Their observations were confirmed by the 
later publications of Athanasin and Carvallo (7) on this subject 
and are in direct opposition to those reported by Dastre and 
Floreseo (8). 


II. Experiments on Changes in Blood Reaction Caused by Injec- 
tions of Peptone Subsequent to the Removal of the Liver. 


That the liver plays an important rdle in the production of 
incoagulability with peptone has been shown by numerous 
observers. Contejean (9), Gley (10), Gley and Pachon (11), 
Delezenne (12), and Nolf (13) have demonstrated that removal 
of this organ from the circulation previous to injection of peptone 
solution prevents the development of incoagulability of the blood. 
With a view to determining whether the increased acidity which 
peptone develops with the liver intact could be duplicated in 
the animal from which the liver was removed, a number of experi- 
ments were performed. It is very difficult to remove the entire 
liver ‘“‘en bloc” in a dog without oecluding the vena cava. On 
this account each lobe was tied off separately as close as possible 
to the hilum of the liver with a wide tape. With even a con- 
siderable amount of the liver 7n situ with such doses as 0.35 gm. 
per kilo of animal, incoagulability does not occur and very little 
change in the blood is demonstrable; with doses as high as 0.7 
gm. per kilo of ariimal a transient incoagulability may be pro- 
duced with a simultaneous slight increase in acidity, which per- 
sists for a few minutes only. Injections were made in eleven 
animals from which the livers had been removed, and the results 
were as indicated in Protocol 6. 


Protocol 6.—Dog weighed 7 kilos. During ether anesthesia, the lobes of 
the liver were tied off and cannulas were inserted in the external jugular 
vein and carotid artery. After the animal was allowed to recover from the 
anesthetic for 1} hours, 42 ce. of 9 per cent Witte’s peptone in 0.85 per 
cent NaCl (0.54 gm. per kilo) were injected into the jugular vein (Table VI). 


The specimens in Table VI were kept fluid by the addition of 
hirudin which Michaelis (1) and subsequently others have shown 
to have no influence on the reaction of the whole blood. 
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The effect which is produced when small amounts of liver sub- 
stance have been left in the animal after ligation of the lobes is 
illustrated by the values of the blood reaction obtained in a dog 
weighing 6,300 gm. which was given in a similar manner 0.60 gm. 
per kilo of a 9 per cent peptone solution in normal saline solution, 
13 hours after removal of the liver (Table VID. 


TABLE VI. 


Blood 


| Blood 1077 
min. | pil 

Normal blood from ear vein.............. ees 4 ‘7.42 0.37 

6 min. after peptone injection................. 5 7.38 QO 42 
5 | 7.35 | 0.45 


TABLE VII. 


Llood 


Blood. | 17? 
pil 
Normal blood after removal of liver........... 7.48 0.33 
5 min. after peptone 7.56 44 


All the above samples of peptone blood began to clot in 40 min. 


In animals in which the liver had been removed for a period of 
more than 2 hours, an increased acidity developed without a 
corresponding retardation of coagulation. Protocol 7 is typical 
of this condition. 


Protocol 7.—After the liver had been removed for 2 hours and 55 min- 
utes from a dog weighing S kilos, 50 ec. of 9 per cent peptone in normal 
saline solution (0.56 gm. per kilo) were injected into the jugular vein. 
Values of blood reactions are reeorded in Table VIII. 
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It is possible that this phenomenon is to be explained by the 
fact, first suggested by Contejean (6), that, while the greater part 
of the substance with which the peptone forms a direct combina- 
tion is elaborated by the liver, other organs also produce this 
substance to a lesser degree. When the period of time following 
the extirpation of the liver is prolonged, an accumulation of this 
material can take place in these organs, or in the circulating fluid, 
in quantities sufficient to give on peptone injection a reaction 
approximating that obtained when the liver is intact. 

TABLE 


pl 

after removal of liver........ 7.43 0.37 
5 min. after peptone injection. 10 7.14 | 0.73 
4.07 1) S6 


IIIT. Experiments on Changes in the Reaction of Peptore Subse- 
quent to its Perfusion through the Liver. 


As has already been mentioned, the fact that peptone owes its 
anticoagulant property primarily to the influence of the liver has 
been established by many investigators. By the interaction of 
two substances, one contained in the peptone and the other occur- 
ring In the liver, there is formed apparently a third compound 
which is the effective agent in the immediate production of 
incoagulability. None of these three compounds has yet been 
isolated, but their physiological properties have to some extent 
been studied, and especially that of the third in its relation to 
the prevention of coagulation extravascularly. The study under- 
taken by the writer was to investigate whether the interaction 
which takes place in the liver between the two substances men- 
tioned would suffice to explain the reduction of alkalinity which 
accompanies the loss of coagulation, or whether the second 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XLII, NO. 2 


| 
¥ 
4 
a 
4 
< 
> 
> 
mae 
: 
ty 


tie >> 


392 Peptone, Hirudin, and Cobra Venom 


phase which is more directly concerned with the coagulation 
process itself was responsible for the change in the blood reaction. 
The first step was to obtain by means of the peptone perfusion 
through the liver a fluid which, when added to shed blood, re- 
tarded or prevented coagulation. The hydrogen ion concentra- 
tion of the fluid was then measured. ‘The perfusion experiments 
were performed on the liver 7m stu. For this purpose the animal 
was anesthetized and all vessels connected with the liver except 
the hepatic artery (or portal vein) and the descending vena cava 
below the liver were ligated. The fluid entering at either the 
portal vein or hepatic ariery was passed through the liver and 
received again from the inferior vena cava into the perfusion 
apparatus through which it was kept circulating by means of a 
svstem of valves regulated by a motor. The whole apparatus 
was kept at a temperature of 38°C. by means of a water bath. 
Although attempts were made to maintain by means of an elec- 
tric pad a normal body temperature in the animal, it rapidly lost 
heat. Solutions of 9 per cent Witte’s peptone in 0.85 per cent 
NaCl with and without previously washing out the liver with 
‘Tvrode’s, or normal saline, solution to render the organ blood-free 
were used through a series of experiments. Oxygenation. of 
the peptone was secured by passing a continuous stream of oxy- 
gen through the fluid in the apparatus.! 

When the quantity of fluid perfused was large it was not pos- 
sible to demonstrate that the perfusion fluid had acquired any 
anticoagulant properties during its passage through the liver. 
When added in concentrations as great as five parts of fluid to one 
of blood, there was no appreciable retardation of clotting. T'ur- 
ther, no uniform results concerning changes in alkalinity were 
obtained in the five experiments made although the time during 
which the peptone was perfused varied from a few minutes to an 
hour. 

Since the continuous perfusion of large amounts of peptone 
solutions (from 500 to 2,000 ce.) through the liver was unsuetcess- 
ful in giving a fluid capable of diminishing the coagulation time, 
the expedient of passing small quantities of fluid separately 
through the liver and testing each for its anticoagulant power 


1 For the perfusion apparatus used I am indebted to Mr. Siegfried 
Maurer, who also very kindly helped me with the perfusion experiments. 
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was tried. The results of the five experiments performed are 
iilustrated in Protocols S and 9%. 


Protocol &.--In a dog weighing 5 kilos, the vessels of the liver, except 


the portal vein and the inferior vena cava below the liver, were tied 
each of these a cannula was placed and the liver washed out with 100 ce. 
oft per cent Nah. This possessed anticoagulant property, 
LOO ee. of peplone solution were then perfused and, after passing through 
the liver, ten drops of this fluid added to LO ce. of blood prevented coagu- 
lation for 5 hours. The value 0.168, 107% which represented the acidity of 
the peptone solution was reduced to O.21, 107° after perfusion. A second 
1 ee. of the same peptone so ution possessed no anticoagulant action 
after its passage through the liver and gave a reaction of 0.42, 107° at the 


end of the perfusion. 


Time atter Ration blood: 
perfusion Amount of peptone peptone used for tation time Peptone. Pte 
menced, time, 
cc. pil 
2 20 1:3, 1:2, 1:3 | Clots imme 6.73 1.00 
diately. 
4 20 1:1, 1:2, 1:3 | Clots imme- 6.73 1.9 
diately. 
} 10 1:1 1 hr. 6.70 2.02 
10 §.65 2.26 
26 10 ‘37 10 min. 6.7 2.02 
60 10 Clots imme- 6.44 3 65 
Eexpressed diately. 
from liver.)  Peptone be- SO 1.60 
fore perfu- 


sion. 


Protocol 9.—Dog weighed 8 kilos. All the vessels supplying the liver, 
except the portal vein and inferior vena cava below the liver, were tied off. 
The 150 ee. of Tyrode’s solution used to wash the blood out of the liver 
had no anticoagulant properties after its exit from that organ. 200 ec. 
of peptone were then injected into the portal vein, and after passing 
through the liver various fractions gave the reactions recorded in Table IX. 


That the increased acidity coincident with the production of 
peptone incoagulability is not occasioned by that part of the 
process taking place in the liver is apparent from the figures in 
Table IX. One is, therefore, forced to conelude that this feature 
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of the phenomenon is intimately associated with those factors 
immediately concerned in coagulation. Control peptone perfu- 
sion experiments on kidney and spleen did not in any case result 
in the production of fluids possessing anticoagulant properties. 


IV. Experiments on the Relation of the Hydrogen Ton Content and 
Hirudin in the Suspension of Coaqulation. 


The fact that the addition of hirudin to freshly shed blood in 
quantities sufficient to delay coagulation causes no appreciable 
change in the hydrogen ion content was first noted by Michaelis 
(1). Indeed, hirudin may be added in very considerable quan- 
tities to blood without any apparent influence on its reaction. 
The question, therefore, arose as to whether injection of this 
substance into the circulation would produce alterations in the 


TABLE X. 


| Blood 
| Biood. H+ 10-7 
Normal blood from ear vein.................... | 7.50 0.32 
3 min. after injection of hirudin............... | 7.41 | 0.39 


alkalinity of the blood similar in character to those obtained 
when peptone is injected, or would simulate those changes pro- 
duced on inhibition of coagulation with hirudin 7n vitro. 

Five experiments performed gave uniform results of which 
Protocol 10 is typical. 


Protocol 10.—During ether anesthesia cannulas were placed in the exter- 
nal jugular vein and carotid artery of a dog weighing 5 kilos. 1 hour 
after the cessation of the ether administration, 200 mg. of hirudin in 50 
ec. of 0.85 per cent NaCl were run into the jugular vein from a burette. 
Blood withdrawn from the carotid artery gave the reactions shown in 
Table X. Duplicate samples of blood remained unclotted at the end of 
10 hours. 
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Measurements recorded in Table X show quite definitely that 
there is little increase in the acidity corresponding to the inco- 
agulabilitvy which develops. Further, the small divergence of 
ralue of the reaction of the blood rendered incoagulable by 
hirudin from that of normal blood indicates the identity of the 
mn vivo and in vitro action of this substance in the retardation of 
coagulation. 

Since inhibition of coagulation with hirudin may occur with 
little change in the reaction of the blood, it may be questioned 
whether changes in the ionic concentration are a factor of any 
great significance in modifying the process. To test the possible 
influence of the hydrogen and hydroxy lon concentration on the 
anticoagulant action of hirudin equal amounts of Sérensen phos- 
phate and acetate mixtures of known acidity and containing 
definite quantities of hirudin were added to shed blood, and 
variations in the coagulation time noted. The results of these 
experiments are given in Tables XI and XII. 

The amount of hirudin specified at the beginning of cach 
column denoting coagulation time represents the quantity of 
hirudin contained in the 10 ee. of blood mixture. 

The marked influence of increased alkalinity in enhancing, 
and inereased acidity in lessening, the action of hirudin in de- 
laving coagulation is revealed by the values recorded in these 
two tables. Further, that other ions besides the hydrogen and 
hydroxy are of considerable importance in modifying the reac- 
tion is evidenced by a comparison of the coagulation time ob- 
tained when the acetate and phosphate mixtures used are of the 
same hydrogen ion concentration. 


Ve. Experiments on Retardation of Coagulation by Cobra Venom? 


The first two of these experiments, outlined below, gave nega- 
tive results because a quantity of venom insufficient to retard 
coagulation appreciably was used. In the first of these, a dog 
weighing 8,800 gm. received 2 ec. intravenously and 5 ee. sub- 
cutaneously of a 0.1 per cent solution in 0.85 per cent NaCl. 


? For the cobra venom used in the five experiments made, I am indebted 
to Prof. Preston Keyes of this Laboratory, who most kindly supplied me 
with the material. 
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The animal survived the injection 14 hours, but at no time was 
there any change in the coagulation time of the blood which 
also remained normal in reaction until a few minutes previous to 
death when the acidity became markedly increased. Similar 
results were obtained in a second dog weighing 4,400 gm. that 
received an injection of 2 cc. of 0.1 per cent venom in 0.85 per 
cent NaCl in the saphenous vein, and lived for 2 hours. 

In the three experiments giving positive results, 10 ce. of 0.1 
per cent venom in normal saline solution were injected. Each 
of these animals weighed between 5 and 6 kilos. 


TABLE NIII, 


| Coagulation time. | Blood. 
| pH 
Blood withdrawn before anesthe- 
sia commenced .................| 3 min., 20 sec. 7.40 0.40 
3 min. following venom injection.’ Not coagulated at | 7.41 0.39 
end of 36 hrs. 
Not coagulated at | 7.38 0.42 
end of 36 hrs. 
22 hrs. 7.309 0.45 
Between 5 and hrs. | 7.25 0.57 
5 hrs. 25 min. 7.22 0.61 
Immediately. | 6.93 1.18 
Dog dying. | | 


As essentially the same results were obtained with the three 
animals, only one protocol is reported in detail. 


Protocol 11.—Cannulas were inserted in the external jugular vein and the 
carotid artery of a fox terrier, weighing 3,500 gm., under ether anesthesia. 
The animal was allowed to recover from the anesthetie for 1 hour when 
10 ce. of 0.1 per cent cobra venom were run into the jugular vein from a 
burette. The coagulation time and reaction of the blood drawn from the 
carotid immediately after and at varying intervals subsequent to the 
injection were as shown in Table XIII. 
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The blood withdrawn at 18, 20, 22, and 23 minutes after the 
venom injection had a very dark appearance, and this was espe- 
cially marked in the blood sample with the most acid reaction. 

The inimical influence of increased acidity of the blood on the 
inhibition of clotting by the use of cobra venom intravascularly 
seems to be established by the above results. As the amount of 
cobra venom necessary to inhibit extravascular clotting is com- 
paratively large, a limited supply of the venom precluded any 
experiments on the relation between acidity and incoagulability 
developing 77 vivo. 


VI. CONCLUSION, 


From the work outlined in the preceding pages it is evident 
that the rdles which peptone on the one hand and hirudin and 
cobra venom on the other play in the prevention of retardation 
of clotting are of a very different character. With the produc- 
tion of incoagulability by peptone there occurs a marked increase 
in the acidity of the blood, a condition under which the other 
two substances lose completely or in large degree their anticoagu- 
lant power. 


SUMMARY. 


1. Coineident with the incoagulability of the blood produced 
by intravenous injections of Witte’s peptone, there is a marked 
increase in the acidity of the blood and of the plasma. 

2. When Witte’s peptone is injected into the circulation sub- 
sequent to extirpation of the liver, extravascular clotting is not 
retarded, and the blood shows little change in acidity. 

3. Witte’s peptone which has acquired anticoagulant proper- 
ties after perfusion through the liver shows only a slight increase 
in acidity. 

4. The retardation of coagulation resulting from intravenous 
injection of hirudin is accompanied by little or no change in the 
acidity of the blood. 

5. Increase of acidity of the blood lessens and increase of 
alkalinity enhances the property of hirudin in delaying clotting 
mn vitro. 
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! 6. The reaction of the blood is little altered by intravenous 
: injections of cobra venom in quantities sufficient to prevent 
: clotting. With an increase of acidity of the blood its acquired 
incoagulability is lost. 
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GAS PRODUCTION DURING THE ACETONE AND BUTYL 
ALCOHOL FERMENTATION OF STARCH. 


By HORACE B. SPEAKMAN. 


From the Department of Zymology, Toronto University, Toronto. 


‘Received for publication, July 3, 1920.) 


In continuing an investigation of the production of acetone and 
butvl aleohol from starch, a detailed study has been made of the 
changes in the composition of the gas produced during the fer- 
mentation period. An attempt has also been made to coordinate 
the results from this and an earlier portion of the research (1), 
and to make a contribution to our knowledge of the biochemical 
mechanism of the fermentation as a whole. 

Various observations regarding the composition of the gas 
formed during the production of butyl aleohol, alone or with 
acetone, have been recorded in the literature. Beijerinck (2) in 
his exhaustive study of Bacillus butylicus (Granulobacter butyli- 
cum) observed that He. and CO, are given off during the fermen- 
tation. Near the commencement the mean relative volumes of 
the gases were about | of COs. to 4 of He. During the time of 
rapid cell division and butyl alcohol production the relation of 
the gases was 1 of CO. to 1 of Hy. In some cases the percentage 
volume of He in the gas was further reduced. In the so called 
“after-fermentation” the percentage volume of Hy, in the gas was 
found to increase. The organism investigated by Perdrix (3), 
and named by him “* Bacille amylozyme,”’ was found to produce a 
diminishing amount of H». as the fermentation proceeded. It is 
of interest to observe that this organism also produces acetic acid 
and Nn butyrie acid, the former in larger amounts at the beginning 
of the fermentation. 

In his address on the fermentation of starch by the Weizmann 
organism Gill (4) stated that: “During the fermentation a mix- 
ture of approximately equal volumes of He and COs is evolved,” 
and also, that: ‘When the fermentation begins, gas consisting of 
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approximately equal volumes of CO, and He, is evolved.” In 
their observations regarding the same fermentation Reilly and 
his collaborators (5) state that during the first half of the fer- 
mentation period the composition of the gas evolved changes, 
owing to a gradual increase in the CO, percentage. During the 
second half the composition remains constant and they attribute 
the earlier changes to the greater solubility of COs in the medium. 


Method. 


The rates of various biochemical reactions of the fermentation 
have previously been observed and correlated, and in order to 
coordinate the changes in the composition of the gas with these 
reactions it Is necessary to study the changes in relation to one 
of them. The rate of total gas production was arbitrarily chosen. 
It was then possible to correlate the observations with the forma- 
tion of the acid and neutral products of the fermentation. 

The rate of gas production was measured by means of the 
apparatus shown in Fig. 1. This can be assembled from the 
ordinary equipment of the laboratory and might be of value for 
class purposes owing to its cheapness and adaptability. The gas 
given off passes into the large test-tube through A and out again 
through B. The latter tube is drawn out to a capillary and in 
this way the flow of gas is restricted. The slight pressure created 
in the fermentation vessel is measured by means of the mano- 
meter in terms of a column of water. <A trial fermentation is 
necessary in order to adjust the instrument. At the point of 
maximum gas production the capillary tip is carefully filed until 
a fairly large pressure is recorded on the manometer; e.g., 8 inches. 
The rate of gas flow is proportional to the square root of the 
pressure, and comparative measurements are obtained which are 
sufficiently accurate for the purpose. If quantitative figures are 
required the instrument can be calibrated by placing it in series 
with a reliable experimental gas meter and a supply of gas. 

Samples of gas were collected at regular intervals over mercury 
in the apparatus described by Harden, Thompson, and Young (6). 
During the early hours of the fermentation the Ov, from the air 
still present in the vessel, was absorbed by phosphorus. Through- 
out the fermentation the CO. was absorbed by fresh KOH solu- 
tion, and the H. was measured by difference. 
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The majority of the data collected was obtained from fermen- 
tations of 20 liters of mash containing 5 per cent maize meal. 


oY 


One. 


kia. 1. The actual size of the test-tube is 9 by 1} inches, and the appa- 
ratus as a whole is drawn to scale. 


They were conducted in suitably constructed copper vessels 
which were sterilized in a large autoclave. During the fermen- 
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tation the vessel was placed in an incubator at 36°C., and a 
short tube passing through the door connected with the gas 
apparatus. 


EXPERIMENTAL. 


Series I. 


Keach experiment in the series was essentially the same and 
differed only in that a particular section of the fermentation 
period was under close observation. By standardizing the con- 
ditions as far as possible, a series of fermentations was obtained 
which differed only shghtly in rapidity and total gas produc- 
tion. The results obtained are summarized in Table I, and are 
represented by curves in Fig. 2. The letters given to the periods 
of Pable I and to the curves in Fig. 2 correspond. The various 
groups of figures for different periods overlap considerably, and 
from them it has been possible to construct a typical curve for 
the entire fermentation period. 


Series I]. 


In connection with the observations on the early hours of the 
fermentation it was thought desirable, in view of their theoretical 
significance and the conclusions of other investigators regarding 
them, to discover if possible whether the gas actually produced 
during this period was in reality so rich in He. There appeared 
to be a slight possibility that, owing to the gradual saturation ef 
the medium with COs, the gas evolved was not representative 
of the gas being produced. 

A smaller volume of mash, 400 ec., was inoculated and allowed 
to ferment for 5 hours. The gas given off was collected over 
mercury. The gas in solution at the end of this period was 
expelled by heat and also collected. The gas produced during 
the 5 hours was found to contain 74 per cent of H.. Owing to 
the larger percentage of culture added to the mash this fermen- 
tation was more rapid than those of Series I. 

It is considered justifiable therefore to conclude that, as the 
figures and curves suggest, the gas produced at the immediate 
commencement of the fermentation is pure Hy. The percentage 
in the gas immediately begins to fall, due to the production with 
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Date 


1420 


Mar. 4, 


p.m. 


9.00 
10.00 


Mar. 13, 11.30 a.m. 
12.30 p.m. 


3.30) 
6.30 
7.930 
S.30 
9.50 


1920 


Apr. 29, 10.00 a.m. 


Apr. 22, 11.350 a.m. 
12.30 p.m. 


TABLE I. 


4. 


12.00 m. 
1.00 p.m 
3.00 “ 
4.00 * 
9.00 “ 


2.30 
3.30 
4.30 
5.30 


Time 


after inoc-! 
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ulation. 


16 


1S 


30 
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Hein gas 


per cent 

0.44 SO.0 
| 76.0 

6S .6 

71.0 

58.5 

53.7 

| 46.2 

45.5 

40.8 

1.34 | 58.2 
1.34 
134 84.6 
1.37 53.0 
1.41 50.0 
1.34 49.5 
1.41 47.1 
1.51 44.2 
53.2 

50.7 

1.37 45.0 
1.41 42.3 
1.61 39.5 
1.78 37.7 
2.20 33.4 
2.52 34.3 
2.62 30.8 
2.34 37 .6 


to 


07 38.1 


64 40.4 


ol 38.6 


* These observations were made on a larger fermentation 


fons of mash. 
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increasing rapidity of COs. Beijerinck (2) does not speak of the 
composition of the gas produced at the start of the fermentation 
but of the total gas produced during the early hours of the fer- 
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Hrs. after imoculation 
Fig. 2. 
mentation. His observations could be made only at intervals of 


several hours owing to the fact that he was working with slower 
fermentations of small volumes of wort. 
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Further points of interest in the results obtained are as follows: 
After a period of about 5 hours the percentage of He in the gas 
falls more rapidly during several hours, while during this time the 
rate of gas production is increasing. These changes are appar- 
ently brought about by the start or acceleration of some reaction 
by which COs, is produced. As we approach the period during 
which the acidity of the medium is at the maximum the com- 
position of the gas does not change so rapidly. Furthermore it 
has been observed on numerous occasions that when, at the point 
of maximum acidity of the mash, the rate of gas production 
diminishes temporarily, the percentage of Hs contained in the 
same remains constant or slightly increases. Attention is called 
to Section C of the curves in Fig. 2 which show clearly how on 
two occasions during the same fermentation these changes 
occurred. They are an indication of the complexity of the gas- 
producing system. 

When the rate of gas production is once more increasing rapidly 
the percentage of He. in the gas falls at a uniform rate. Later, 
when the rates of production of acetone and butyl alcohol begin 
to diminish, and the rate of gas production is approaching its 
maximum, the amount of H» in the gas rises during + to 6 hours 
from 33 to 34 per cent to 38 to 40 per cent. Towards the close 
of the fermentation when gas production is falling rapidly to 
zero the percentage of He in the gas falls once more. It would 
appear that Just previous to the end of the fermentation the gas 
contains approximately 33 per cent. 


Series 


A number of experiments have been performed in order to 
determine the volume and composition of the total gas produced 
during the fermentation of a known weight of maize meal. <A 
small volume of mash of known concentration was Inoculated 
and allowed to ferment to completion in a water bath maintained 
at 36°C. The gas produced was collected and analyzed. It has 
been found that from 1 gm. of meal approximately 350 cc. of gas 
are produced, and that the gas is composed of 47.5 parts of He 
and 52.5 parts of CO, by volume. 
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The results from this investigation are in close agreement with 
those of Beijerinck for Bacillus butylicus; they differ in several 
important points from those of Gill (4) and Reilly and his col- 
laborators (5) whose observations, as in the case of the writer’s, 
were made on fermentations by the Weizmann organism. 


The Biochemistry of Acetone and Butyl Alcohol Production. 


With the assistance of these results and those contained in 
an earlier communication (1) we shall now discuss briefly the 
biochemistry of the fermentation. Reilly and others (5) have 
recently presented in greater detail the view that acetone is 
formed from acetic acid. They consider that this is brought 
about by a condensation of the acid molecule with the produe- 
tion also of COs. and H.O. It is shown that such a reaction ts 
theoretically possible from the chemical standpoint and in ac- 
eordance with certain experimental observations which have 
been made. The principal experimental evidence upon which 
this theory is based, namely the inerease in the vield of acetone 
when acetic acid is added to the mash, when considered with 
observations made in this laboratory of the influence on the 
fermentation exerted by acids of the same series, requires, how- 
ever, a different interpretation. Furthermore the results of 
different investigators have shown that the production of gas, 
H. and COs, and the formation of acetone and butyl alcohol are 
intimately connected, and cannot be considered as entirely 
separate portions of the biochemical mechanism. The alcohols 
have been shown to be formed by the reduction of the correspond- 
ing acids, possibly by the addition of H. derived from some 
closely associated reaction. These facts appear to suggest that 
the formation of He is closely connected with the production of 
acetone. It is felt that the scheme suggested by Reilly is weak- 
ened by the fact that acetone and butyl alcohol production have 
been considered apart from gas production, and as a result the 
source of He has been relegated to some unknown associated 
reaction. 

Newman (7) has recently brought forward a biochemical 
mechanism for the fermentation. He considers the first reaction 
to be the production of butyric acid from glucose in accordance 
with the following equation. 
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= + 2H, + 2Co, 


Acetic acid is then formed by the further oxidation of but vric 
acid: 
C.H; COOH + O = CH,CHOH.CH,.COOH 
CH, CHOH. CH, COOH + H,O = 2 CH, COOH 


Acetone is formed by the oxidation of butyric acid and butyl 
alcohol by its reduction. 

The experimental results contained in this communication show 
that gas production at the commencement of the fermentation 
is not in accordance with Newman’s first equation. His scheme 
necessitates a gradual fall in the He content of the gas from an 
initial content of 50 per cent. Furthermore, the comparative 
evidence from the investigation of the oxalie acid fermentation of 
glucose by Aspergillus niger (8S) and of xylose by silage bacteria 
(9) supports our earlier conclusion that the two organic acids are 
formed by oxidation and a break in the glucose molecule. It is 
also necessary to point out that Newman, in order to facilitate 
oxidation, introduces oxygen into his scheme without anv indica- 
tion as to its source. We are, however, considering the life pro- 
cesses of an organism which will not function in the presence of 
free oxvgen, and consequently the essential problem is that of 
anaerobic respiration. Jost (10) has summarized earlier research 
and discussed in greater detail the nature of the problem. 

The following scheme is suggested as being in harmony with 
(a) experimental observations, (6) the requirements of the organ- 
ism, and (¢e) the conditions obtaining during the fermentation. 
It has been previously shown that the first two stages of the 
fermentation may be represented by the following equations. 


Starch Glucose 
(2 = C,H; COOH + CH;.COOH + 
Glucose butyric Acetic 
acid acid 


The oxygen produced during the second reaction cannot be 
detected by ordinary chemical methods and therefore must be 
used up in closely associated reactions by which oxidation is 
brought about. It has been shown that acetone production 
commences very early in the fermentation and previous to the 
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start of butyl aleohol production (1). The gas given off at the 
commencement is pure He, but immediately a gradual and increas- 
ing dilution by COs, occurs in the gas being produced. From this 
evidence we conclude that acetone is formed by the oxidation of 
butyric acid in accordance with the following equations. 


(3) 2 C;3;H;.COOH + O, = 2 CH;.CO.CH,.COOH + 2 H, 
N butyrie Acetoacetic 
acid acid 
(4) CH;.CO.CH,.COOH = CH;.CO.CH; + CO, 
Acetoacetic Acetone 
acid 


Acetoacetie acid has not been identified in this laboratory, but 
owing to the nature of the biochemical svstem this failure to 
isolate one of several intermediate compounds does not rule out 
our interpretation of other experimental evidence. It is of inter- 
est to observe also that Raistrick and Clark (8) have recently 
stated that from unpublished results they conclude that aceto- 
acetic acid is an intermediate compound in this fermentation. 
Attention also is called to the work of Witzemann (11) who has 
obtained acetone as a result of the 6-oxidation of butyric acid by 
means of HoOs. 

The formation of butyl aleohol, and to a much smaller degree 
of ethyl alcohol, takes place by the reduction of the correspond- 
ing acid, in accordance with the following equations. 


(5) COOH + 2 H, = + H,O 


Apparently this reduction is not brought about by the activity 
of specific enzymes, owing to the fact that when propionic acid 
is added to the mash it is partially reduced to propyl! alcohol (1). 

It is necessary also to account for the following experimental 
data: (a) the disappearance of a larger angount of acetic acid than 
ean be accounted for by the amount of ethyl alcohol produced 
during the fermentation; (b) the volume of He and COs given off 
which cannot be accounted for by the activity of reactions pre- 
viously mentioned in this scheme; and (c) the consumption of [Og] 
made available by the production of butyric acid which is not 
further oxidized to acetone, but reduced to the alcohol. These 
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problems and the biochemistry of the postfermentation period 
are being investigated and will be considered in a further com- 
munication. 


1. An investigation of the acetone and butyl! aleohol fermen- 
tation of starch has been continued. Results are given of experi- 
ments in connection with the following problems. 

(a) Changes in the composition of the gas produced during 
the fermentation period. 

(b) The volume and composition of the gas produced by the 
fermentation of a known weight of maize. 

2. The biochemical mechanism of the fermentation is discussed 
in the light of these results and those contained in an earlier 
communication. 
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SUMMARY. 
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THE EFFECT OF WHOLE BLOOD TRANSFUSION ON 
THE CHOLESTEROL CONTENT OF HUMAN 
SERUM IN PERNICIOUS ANEMIA. 

By HAROLD A. KIPP. 

(From the Pathological Laboratories, University of Pittsburgh, Pittsburgh.) 


(Received for publication, June 29, 1920.) 


Among the substances which inhibit the hemolytic action of 
saponin (1-8), tetanolvsin (4), pneumococcus hemotoxin (5), 
hile salts (6), and oleates (7, 8), cholesterol has been shown to 
assume a position of considerable importance. This general anti- 
hemolytie property of free cholesterol thereby derives for itself a 
close relation to the study of pernicious anemia, in which disease 
the marked reduction of erythrocytes and hemoglobin is of 
unknown etiology. 

With the lowering of the red blood cell count and the hemo- 
globin in pernicious anemia, it has been demonstrated that 
cholesterol is also invariably lower than normal. Thus in three 
eases of pernicious anemia Csonka (9) found that the cholesterol 
content of the blood was lower than that of a normal individual. 
Bloor (10) reported that of twelve cases of pernicious anemia, 
the total cholesterol varied from 140 to 173 mg. averaging 156 
mg. per LOO ce. of plasma. Like figures are reported by Denis 
(11), who also found an average of 156 mg. per 100 ce. of blood 
in twelve cases of this disease. 

The cholesterol content of the erythrocytes is known to exist 
almost entirely in the free form (12), there being little or no cho- 
lesterol ester present. Since this free cholesterol as stated above, 
and not cholesterol ester, has been shown to possess the antihemo- 
lytic property, its presence in the corpuscles, as such, apparently 
constitutes an immediate and appropriate mechanism of protection 
against the hemolytic substances brought into contact with the 
corpuscles in the blood. A replenishing source of free cholestcrol 
is present in the plasma, which normally contains 25 to 35 per cent 
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of the total cholesterol as free cholesterol (13). This free choles- 
terol is probably taken up by the corpuscles through the activity 
of their cholesterase (14). 

It would seem desirable to determine the variation in the free 
cholesterol but since a normal relation is maintained in the 
plasma in pernicious anemia between the free and cholesterol 
ester (10), variations in the total cholesterol would indicate varia- 
tions In the free form. 

Because of the variation below normal of this antihemolytic 
substance in the blood of patients suffering from pernicious 
anemia, it was of particular interest to note the effect of the 
addition to the serum of the patient of a quantity of blood, the 
serum of which contained a much greater amount of cholesterol. 
Denis (11) has stated that in three cases markedly improved by 
blood transfusion the cholesterol content of the blood was not 
proportionately increased. 

Through the courtesy of Dr. G. C. Weil of Mercy Hospital, a 
series of cases presenting the cardinal symptoms and signs of 
pernicious anemia was available for study. The blood pictures 
of these cases were those of pernicious anemia of severe grade 
with the typical alteration in the appearance of the ervthrocvtes, 
as well as the diminution of their number and = corresponding 
reduction of hemoglobin percentage. 

Blood was transfused directly by a modified Unger method. 
Blood from the recipient and donor was obtained immediately 
before, and from the recipient from 3 to 5 minutes after, trans- 
fusion. 

The results of the analyses of the sera from these specimens 
of blood, using the method of Bloor (15) compared with the 
hemoglobin estimations and erythrocyte counts are shown in 
Table I. 

In all these cases there is shown an increase in the total cho- 
lesterol content of the serum of the recipient following the trans- 
fusion. ‘This increase varied from 5 to 34 mg. averaging 18 mg. 
per 100 cc. of serum. That the increase is only a temporary one 
is shown by the return of the cholesterol figure to approximately 
that immediately preceding the transfusion. The variability of 
the increase is probably dependent upon the degree of admixture 
of the blood of the donor with that of the recipient, and upon the 
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Blood examination. Total Amount of 
Case No. Date. cholesterol per) whole blood 
Hemoglobin. | Erythrocytes. 100 of serum.| transfused. 
1929 per cent mg. Ce. 
1 Jan. 26 48 1,960,000 
| R. B? 181 
| R. A. 227 450 
| D. B. 308 
Feb. 1 | R. B. 148 SOO) 
| R. B. 135 
| R. A. 168 500 
| | D. B. 308 
| R. B. 183 260 
Mar. 8 | | R. B. 133 
| | R. A. 145 400 
| | D. B. 333 
Gradual marked improvement. 
2 Jan. 20 | 40 | 1,320,000 
| | 500 
ae 45 | 2,210,000 
rom 2 | | R. B. 131 
| | D. B. 250 
60  2.290,000 | 
| R. B. 139 
R. A. 185 340 
D. B. 297 
6S 3,950,000 
she | R. A. 153 
| D 227 340 
3,470,000 
Mar. 3 R. B. 137 
R. A. 138 000) 
| D. B. 268 | 
| 78 3,600,000 | 


Marked clinical improvement. 


*R. B., recipient before transfusion. 
D. B., donor before transfusion. 


fusion. 


R. 


A., recipient 


after trans- 
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TABLE I—Continued. 


| | 
; | Blood examination. Total Amount of 
Case No. | Date. cholesterol per | whole blood 
Hemoglobin. Erythrocytes. 100 ce. of serum transfused. 
1920 per cent nig. ce 


3 Jan. 27 64 2,300,000 | 
i Feb. 2 | R. B. 193 | 
| | | R. A. 227 | 50) 
| D. B. 423 | 
3,000,000 | 
50 1,410,000 | 


| | | | R. A. 203 | 440 


| | 2370,000 | 


General condition improved. 


| 
1919 | 
|New | 2 | 


| | R. B. 123 

| | R. B. 143 

| R. B. 163 400 
65 | 2.330.000 | 


L920 


q 
| | | 320 
| | | | 440 


Marked improvement in general condition at this time. 


b. 10 | 60 1.770.000 
A. 141 SOW) 


. 


| 48 2.940000 


ew 


45 1,890,000 


R.A.153| 420 


{ 
| 
| D. B. 166 
56 1.950.000 | 


3 
A. 
R. B. 124 
7 R. A. 135 500 
D. B. 238 
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TABLE I—Continuced. 


No. 


General cofidition continued improved. 


5 | Jan. 24 
Feb. 1S | 
‘ 


| Ape 
15 


Blood examination. 


per cent 


cholesterol per | 
Hemoglobin. | Erythrocytes. 100 ce.of serum.) transfused. 


Total | 


40 


53 1,280,000 
30. 1,240,9€0 


Oo 1,070,000 


4S 2,750,000 


(;seneral condition remained fair. 


Nov. 12 
se | 


| | 


16 
| 
1979 
‘ Mar. 


B. 
R.A; | 
D. B. 227 | 
1,310,000 | 
| R. B. 128 
| R. B. 139 
135 | 


22 1,160,000 
1,370,000 


2 670,000 
2,780,000 
45 1,720,000 


O00 


ot 


S00 
40) 
400 


4650 
420 


Amount of 
hole blood 


1920 
Apr. 40 2 050,000 
35 1.390.000 
| || 
B. 408 
50 2 000.000 | 
Mar. 8 | R. B. 121 
| R. A. 138 | || 
D. B. 320 ; 
R. B. 104 
A. 342 || 
D. B. 373 
A. 
R. B. 154 
| A. 10) 
| D B 438 
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TABLE I—Concluded. 
: | Blood examination. Total Amount of 
Case No. | Date. cholesterol per | whole blood 
| Hemoglobin. | Erythrocytes. |!00¢¢.of serum.) transfused. 
i 1920 per cent | mi. cc. 
| 7 R. B. 156 
| R. A. 150 400 
; | D. B. 240 
| gi R. B. 164 
| R.A. 166 | 540 


D. B. 231 | 
45 1,710,000 | 
1,800,000 
R. B. 166 
| R. A. 182 400 
- | | D. B. 183 
33 1,370,000 


~ 


R. B. 173 
R. A. 179 2SO 
D. B. 316 


Feb. 11 


. | June 4 R. B. 161 
| R. A. 187 400 
| | D. B. 25 
| 
a June 11 | Death. Pernicious anemia. 
| | 500 
a 63 2,690,000 
| 70 2,450,000 | 
| « | R. B. 147 
| R. A. 152 500 
a | D. B. 347 


65 2,780,000 
23 | R. A. 128 
| Dz B. 304 280 


Mar. 11 Death after a gradual increase in severity of 
symptoms. 
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length of time which elapses before the sample of blood following 
the transfusion is taken for analysis from the vein of the recipient 
into which the blood has been infused. 

In the first five cases which showed distinct clinical improve- 
ment following repeated transfusion, the cholesterol content of 
the serum was not progresively increased. On the other hand in 
those cases having a fatal termination the cholesterol content was 
not proportionately lowered and at times not at all. 

In Case 4, the first series of isolated analyses, where blood 
specimens were taken before transfusion, a progressive increase 
is seen in the cholesterol content of the serum, paralleling a dis- 
tinct improvement in the clinical condition of the patient and a 
marked increase in the red blood cell count and hemoglobin 
percentage. This single instance of a relative increase in the 
cholesterol content of the serum with distinct clinical improve- 
ment and marked increase in ervthrocytes and hemoglobin, may 
have occurred at a time when the patient was enjoying a remis- 
sion in the course of the disease. This improvement was con- 
tinued, but a lapse of treatment for approximately 2 months 
during this period brought about a considerable turn for the 
worse in the blood picture, with a return of the cholesterol to the 
previous low figure. This would seem to indicate that there is a 
close relation between the cholesterol content of the serum and 
the erythrocyte content and hemoglobin’ percentage. This 
relation is further borne out by a study of the other cases which 
shows that, in all but Cases 1 and 2, the cholesterol content bears 
some relation to the blood picture in holding to a constant low 
level with the continued depression of the red blood cell count 
and the hemoglobin percentage. 

It is interesting to note that in Cases 1 and 2, with a marked 
improvement in the blood picture and clinical condition, and in 
Case 4, with continued clinical improvement and a_ practically 
constant blood picture, the cholesterol content is even slightly 
lower, indicating perhaps an increased utilization of this sub- 
stance against the toxic elements causing hemolysis in the 
disease. 
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CONCLUSIONS. 


1. Repeated whole blood transfusion does not appreciably 
alter the total cholesterol content of the serum in_ pernicious 
anemia. 

2. The immediate increase in cholesterol in the serum of the 
recipient, following transfusion of whole blood, is dependent upon 
the degree of admixture of the blood from the donor with that of 
the recipient and upon the time which has elapsed after the trans- 
fusion, when the specimen of blood from the recipient is obtained. 

3. The cholesterol content of the serum varies relatively with 
the degree of anemia and the hemoglobin percentage of the blood. 

4. The cholesterol level in the serum of patients with pernicious 
anemia may be an index of its utilization against hemolytic 
substances present in the body in this disease. ‘Phe relative 
depression of cholesterol in the more severe cases indicates an 
increased demand for the neutralization of these toxic substances. 
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USE OF SYNTHETIC DIETS IN THE GROWTH OF 
BABY CHICKS.* 


A STUDY OF LEG WEAKNESS IN CHICKENS. 


By kK. B. HART, J. G. HALPIN, ann H. STEENBOCK. 
THE CooPERATION OF O. N. JOHNSON. 


(From the Departments of Agricultural Chemistry and Poultry Husbandry, 
University of Wisconsin, Madison.) 


PLATES 1 AND 2. 


(Received for publication, June 7, 1920.) 


In the rearing of baby chicks in confinement a difficulty serious 
and obscure in its etiology is the one characterized by poultrymen 
as “leg weakness.”’ This trouble usually develops in 4 to 6 
weeks after hatching, but we have seen it show itself 4 to 6 weeks 
later. The principal symptoms shown by the bird are first an 
unsteady gait, developing into difficulty of locomotion with a 
tendency to remain squatted a good part of the time; a pro- 
nounced ruffled condition of the feathers; an anemic condition of 
the wattles and comb; and a swelling of the leg joints, which is 
sometimes permanent. A loss of appetite accompanies these 
conditions and usually death follows suddenly. Postmortem 
examination has not revealed any pronounced and characteristic 
changes. With some individuals there is compaction of the feces 
in the cecum, while with the others the cecum content is fluid 
and gassy. These latter observations may be related to the 
postmortem time of examination. With some individuals the 
liver was found abnormal in color, being pale yellow, but this 
condition was not found in all birds suffering from leg weakness 
and should not be considered an invariable occurrence. 

Poultrymen have explained leg weakness as due to lack of 
exercise, overfeeding, or absence of green feed, and their remedy 


* Published with the permission of the Director of the Wisconsin Agri- 
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has been to feed light, provide a suitable scratch, and if possible 
feed some green feed. These practices will generally lead to an 
eradication of this trouble, but just which factor is the primary 
one in effecting a cure has not been clearly defined. 

Drummond! experienced trouble in the use of the baby chick 
as an experimental animal in confinement. He believed that 
they could not -be reared under such conditions, or at least ex- 
pressed the view that there were very special conditions neces- 
sary for such rearing and not understood at the time when he 
wrote. Funk* was also familiar with the difficulties experienced 
in rearing baby chicks at all seasons of the vear and under labora- 
tory conditions. Osborne and Mendel,’ in attempts to use the 
chicken as an experimental laboratory animal, experienced 
similar difficulties with leg weakness. They succeeded, however, 
in rearing a number of chickens taken either at hatching time or 
at 3 weeks of age on a ration of natural materials, but which was 
fortified with a plentiful supply of roughage in the form of paper 
pulp. The rations were varied, but corn gluten, cotton-seed 
flour, soy bean flour, casein, protein-free milk, butter fat, starch, 
lard, and ferric citrate entered into the diet. 

This observation, involving the recognition of the very great 
importance of a roughage factor in the diet of baby chicks, con- 
firms our own experience in work with this animal under con- 
finement and we believe may be taken as directly responsible 
for the prevention of leg weakness in chickens. We have worked 
with a variety of roughages, some of which were potent as pro- 
tectives while others were not. Suspicion that this trouble in 
chickens might be scurvy led us to use orange Juice In a number 
of cases as a curative, but the results were too varied and too 
distinctly negative to warrant the idea of a similarity in etiology 
between leg weakness and scurvy. The entire trend of our work 
is in confirmation of the observations of Osborne and Mendel 
that leg weakness is related to overfeeding, with a low amount 
of indigestible ballast in the ration and not to a lack of green 
feeds, exercise, outdoor air, or excessive feeding directly. Un- 
doubtedly the latter is effective in hastening the development of 

1 Drummond, J. C., Biochem. J., 1916, x, 77. 


? Funk, C., J. Biol. Chem., 1916, xxvii, 3. 
3 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1918, xxxiii, 433. 
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leg weakness, because in the presence of plenty of roughage 
excessive feeding cannot take place. Possibly green feeds with 
their abundant supply of vitamines and some roughage are an 
unconscious cure of a sluggish intestine, but the same results can 
be obtained with an inert ballast such as paper, dirt, or charcoal. 


EXPERIMENTAL. 


As early as 1917 we began a study of the nutritive factors 
involved in the rearing of baby chicks. We used synthetie 
rations such as had been successfully employed in the rearing of 
the rat. With a ration composed of 18 parts of casein, 69.3 of 
dextrin, 5 of butter fat, 3.7 of salts; 2 of agar, and 2 of veast there 
was complete failure in growth with the baby chick. On this 
ration a rat could be successfully reared. In all our experiments 
the casein was purified; the yeast was in dried powder form pro- 
cured from a commercial brewing company; the butter fat was 
purified as customary for incorporation in the ration of purified 
food materials; the salt mixture consisted of 


gm. 


Started on this ration directly after hatching and at 39 to 40 
gm. weight, baby chicks would grow for a short time, that is up 
to 50 or 60 gm., but would soon begin to lose weight’and death 
would follow at the end of 3 to 5 weeks. Even increasing the 
veast in the ration to 4 per cent thereby providing more water- 
soluble vitamine did not materially improve the ration. These 
animals had been on a shavings litter and had received limestone 
grits in a separate dish. Their rations had been fed as a mash 
and distilled water was always used. 

In a later series of experiments where we used a synthetic 

ation such as described above, but more liberal in its content of 
butter fat (10 per cent) and yeast (5 per cent) and where the 
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animals had the run of a cut wheat straw litter, much better 
growth of baby chicks for 5 to 6 weeks was secured, but leg 
weakness soon developed and terminated the experiment. When 
the ration, undiluted with roughage, is fed as a mash there is no 
guarantee that chicks will eat enough straw provided by a cut 
straw litter to protect themselves fully against leg weakness. 

In another series of observations, always involving six chicks 
in each experiment, we increased the butter fat to 15 per cent and 
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4 
weeks 
Cuanrr lt. By merely presenting torn up filter paper to these baby 
chicks the development of leg weakness was not prevented. They ate 


some of the paper. 
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Cart 2. Mineral oil was without effect in preventing the development 
of leg weakness in chickens. 


the veast to 15 per cent of the ration. In all our experiments 
either Rhode Island Reds or White Leghorns were used. The 
ration was fed dry and as a mash with limestone grits. The 
litter was from shavings. After 2 weeks of this ration several 
additions were made in the hope of warding off leg weakness. 
In one case we added filter paper (see Chart 1). The paper was 
torn up by hand and thrown into the cage, but not incorporated 
in the diet. They ate some of it, but not enough to prevent 
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trouble. To another group (Chart 2) we gave mineral oil daily, 
at the rate of 10 drops per individual. This treatment was 
without effect. In Chart 3 are shown the results where the laxa- 
tive, phenolphthaleim, was used at the rate of 0.01 per cent of the 
ration. This addition gave no beneficial reaction and no better 
results than were secured by the use of mineral oil. Hull and 
Rettgert had reported the successful use of lactose as a means of 
reducing putrefaction in the intestine of the rat with a change in 
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CHart 5. The use of phenolphthaleina laxative, was not a successful 
measure for the prevention of leg weakness. 
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Cuarr 4. Lactose as 10 per cent of the ration did not prevent the 
development of leg weakness. 


the character of the intestinal flora. If leg weakness Is associated 
with a sluggish intestine and slow removal of waste then the 
possibility of curative results from the use of lactose 1s apparent. 
We incorporated this sugar in the ration at the rate of 10 per cent. 
In the concentration used it had no preventive effect on the 
development of leg weakness (see Chart 4). 


‘full, T. G., and Rettger, L.. J. Bacteriol., 1917, ii, 47. 
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It had occurred to us that leg weakness might be “seurvy of 
chickens” and therein might rest the reasons for the successful 
use of green feed so generally advocated by all poultrymen. With 
this possibility In view we gave one lot of baby chicks, after they 
had been on the synthetic ration for 2 weeks, a daily allowance of 
crushed green cabbage leaves (Chart 5). They ate this material 
eagerly and probably consumed as much as would be expected 
from a bird of this size when allowed green materials under prac- 
tical conditions. We had no better success with this lot than 
with those already described. This result in itself would strongly 
indicate that we were not dealing in the case of leg weakness with 
scurvy in chickens. Further confirmation of this view 1s afforded 
in later work herein reported where we administered daily the 
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Crart 5. Green cabbage given daily did not ward off the development 
of leg weakness. This is a potent antiscorbutie and these results indicate 
that scurvy and leg weakness in chickens have not the same etiology. 


classical antiscorbutic, namely orange Juice, to a number of lots 
of chickens developing leg weakness, but without effecting cures. 
Possibly we delaved the termination of life by its use, but did not 
bring about such cures as can be accomplished with a guinea pig 
already seriously afflicted with the disease of scurvy. 

In Chart 6 are shown the results of a direct attempt to cure 
leg weakness with a potent antiscorbutic, such as orange juice. 
Its administration daily in 1 ce. portions is a larger allowance 
per unit of live weight than has been used in the successful treat- 
ment of guinea pigs afflicted with scurvy. All this lot came 
down with leg weakness and continued to suffer from this afflic- 
tion, although there was a much greater prolongation of the span 
of life by the use of orange juice. We never succeeded in effect- 
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ing complete cures or warding off the development of leg weak- 
ness by the use of orange Juice when used at the rate of 1 ce. 
daily per individual. Further, the very fact that we finally 
succeeded in rearing to maturity birds whose diet was adequately 
diluted with some inert ballast is positive proof that we are not 
dealing with seurvy. In earlier work’ with chickens, restricted 
to grains fortitied with inorganic salts, we observed slow growth 
and normal maintenance for 8 months, when the experiment was 
terminated. These results are given as further evidence that 
the chicken is not supersensitive to a low antiscorbutice vitamine 
ingestion us is the case with the guinea pig. 
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CHuartr 6. Leg weakness is not seurvy. Orange juice at the rate of 1 
ec. daily per individual delaved death, but did not prevent the compara- 
tively early termination of life of this group with leg weakness. 


We next began a systematic study of the influence of inert 
materials as roughages in the ration with special attention to 
their nature as well as their quantity. An interesting failure is 
shown in Chart 7 where we used 10 per cent of filter paper in the 
ration. In this ease the mixed nutrients were hand-mixed with 
the finely rasped paper. The mixture of paper and ration was 
not intimate enough to prevent picking out by the birds. They 
picked out the food ingredients leaving behind the paper. Leg 

‘Hart, B., Halpin, J. G., and McCollum, V., J. Biol. Chem., 1917. 


xxix, 57. Hart, Fk. B., Halpin, J. G., and Steenbock, H., J. Biol. Chem.. 
1917. xxxi, 415. 
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weakness developed after 5 weeks restriction to this diet. After 
this group developed leg weakness we began the daily adminis- 
tration of orange juice but without curative effects. Contrast 
these results with those shown,in Chart 12 where the paper was 
reground with the ration and where no orange juice was added. 
In this case complete success in rearing was attained. 
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Cuarr 7. Paper mixed but not ground with the ration did not prevent 
the development of leg weakness. The birds did not eat enough of the 
paper. Administration of orange juice showed no remedial effects. 
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CHartS. Fuller’searthis not a good roughage for baby chicks. Orange 
juice, a potent antiscorbutic, was of no help in preventing early death of 


the individuals in this lot. 


We found fuller’s earth a decidedly ineffective ballast. This 
colloidal siliceous material, used as 20 per cent of the diet, seemed 
to hasten the downward path of this group of birds. The results 
are shown in Chart 8S. Shavings were used as litter and undoubt- 
edly the chickens consumed some of this material, although not 
enough to act as an efficient protection against leg weakness. 
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After 2 weeks on the ration we gave orange juice at the rate of 
1 ce. daily per individual, but without any help. 

When we incorporated 20 per cent of charcoal in the ration 
with shavings as a litter we met with varied success (Chart 9). 
Three of the birds developed leg weakness, while three grew 
well, avoiding all trouble from this disease and reaching weights 
of 1,240, 706, and S05 gm., respectively, before being discarded. 
They were apparently normal in every respect. Just why we 
had mixed results is impossible to state, but there is a very con- 


siderable individual variation in chiekens, making their use for 


nutrition work less satisfactory than the rat. 
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Cuarr Charcoal was an effective roughage, but did not give us 
unqualified success. 


The practice of turning baby chicks out on fresh upturned and 
unfrozen ground just as early after hatching as possible, with 
the time of hatching purposely regulated with reference to spring 
weather in order that this condition may be satisfied, is followed by 
poultrymen. The birds undoubtedly eat a considerable amount 
of this dirt; but that it is a nutritive factor of primary Importance 
in their rearing is open to careful consideration. We incorpor- 
ated into our svnthetie ration 20 per cent of an air-dried garden 
soil and one not particularly rich in organic matter. The results 
ean be seen in Chart 10. Two of the birds grew normally and 
reached weights of 1,380 and 995 gm. respectively, when dis- 
‘carded. They were apparently normal in every respect. Four 
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of the chickens in this lot did not grow well, developed leg weak- 


; ness, and died at the end of 6 to 12 weeks. Orange juice was 
given these birds at the appearance of symptoms of leg weakness, 
; but did not save them from an early death. It is possible that 
the amount of dirt fed was not well chosen for the reason that in 
later experiments we practically duplicated the above experi- 
: ments by the use of 20 per cent of dirt on a sand litter, but had 


very much better success when we used but 10 per cent of dirt 
(cf. Charts 19 and 20). 

All the experiments described above were conducted on shavy- 
ings litter. We believe that this factor might have been the 
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(oarnr 10. Dirt also was an effective roughage in some cases, but not of 


; genera! suecess with the synthetic diet. 
e. cause of the pronounced individual variation seen in our results. 
ae It was possible that some birds ate more of the shavings than 


. others and thereby escaped the trouble of leg weakness. © Accord- 
ingly we adopted sand as the litter, using the same synthetic 
| rations as used in the earlier lots, whose curves of growth are 

displaved in Charts 6 to 10 inclusive. In these later experiments 
_ | they mav have eaten some of the sand, but its ervstalline char- 
ie acter as contrasted with the colloidal nature of shavings (cellu- 
: lose, ete.) would probably make it very much less a disturbing 
. | factor than the shavings litter. 


3 The rations were always fed dry or as a mash with distilled 
water and granite grits; they were never fed as scratch. The 
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roughage materials used were in the proportion of 10 or 20 per 
cent of the ration, although in the case of paper the maximum 
amount incorporated was 10 per cent and the minimum 5 per cent 
of the ration. The results secured with these rations are shown 
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Cuarr 11. On sand litter and no roughage all the birds but one devel- 


oped leg weakness. 
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Cranr 12. With 10 per cent of paper ground with the ration our most 
successful rearing of baby chicks on a synthetic diet was accomplished. 


in Charts 11 to 20 inclusive. 


One group of chicks, Chart 11, was 
fed our svnthetie ration, to which, however, no roughage was added. 
Five of the six individuals in this lot succumbed to leg weakne 
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this trouble, reaching a weight of S8O gm. at the end of 18 weeks, 
when it was discarded. 

ur most successful rearing is shown in Chart 12. With 10 
per cent of paper finely comminuted and ground with the ration 
every chick in this group grew at a nearly normal rate and re- 
mained physically sound. The weights at the end of 16 weeks 
varied from 480 to 710 gm., respectively. They were apparently 
normal when discarded at the end of IS weeks. These results 
we think disclose in a qualitative way the factors necessary in 
the rearing of baby chicks. The quantitative relation of these 
factors is still to be studied. When but 5 per cent of paper 
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(narr ils. With 5 per cent of paper ground with the ration we were 
less successful than when 10 per cent was used. However, no leg weakness 
developed. 


(Chart 13) was incorporated with the ration we did not attain 
the same measure of suecess as when 10 per cent was used. No 
leg weakness developed, but the rate of growth in all cases but 
one was slow. One bird reached a weight of 1,150 @m. at the 
end of IS weeks, when the experiment was discontinued. 

It is remarkable how great was the influence of the character 
of the ballast in these experiments. When we used 20 per cent 
of agar (Chart 14) in the ration, growth was practically sus- 
pended after 4 weeks and the span of life was greatly reduced. 
These birds showed a peculiar pulpy condition of the tissue, 
dropsical in character. By reducing the proportion of agar in 
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the ration to 10 per cent, better growth was attained than by the 
use of 20 per cent, although it was far below the success reached 
with paper, dirt, or charcoal. Three individuals from this group 
died from unknown causes, while the other three, all in poor con- 
dition, were discarded at the end of 13 weeks (Chart 15). None 
of this group had developed typical leg weakness. 
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With 20 per cent of fullers’ earth as the roughage (Chart 16) 
growth was subnormal and death followed early in life. This 
group did not develop the characteristic svmptoms of leg weak- 
ness. Their appetites were enormous and their consumption 
records show a larger consumption of food at the end of 4 weeks 
than in the case of those fed the paper pulp ration (Chart 12). 
Probably the food was moving too rapidly through the intestine 
for maximum digestion and absorption. 
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With the sand litter and 20 per cent of charcoal (Chart 17) 
four of the birds grew well, reaching weights varying from 550 to 
S6O gm. at the end of 18 weeks, at which time they were dis- 
earded. ‘wo birds from this group died from unknown causes, 
but none developed typical leg weakness. With 10 per cent of 
charcoal (Chart 18) the mortality was higher than where we used 
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CrHartr 16. Pullers’ earth at the rate of 20 per cent in the ration was 
absolutely ineffective as a preventive of early death in this group of chicks. 
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Cuarr l7. Chareoal at the rate of 20 per cent of the ration was less 
effective than 10 per cent of paper. No leg weakness developed in this 


group. 


the higher level of 20 per cent. Two of the group reached weights 
of 710 and 740 em. at the end of 18 weeks, two others grew at a 
much slower rate and were disearded at the end of 14 and 18 
weeks respectively, while the remaining pair died at the end of 
10 weeks. The cause of death was unknown, but it was not from 
leg weakness, with the usual svmptoms. 


t 
: 
& 
3201, _BuRter | 15 | 
Sah 
* 8 
Sekt rin | 
Publer 6 eart n 20 | 
Léc 
Sand lifter; gramte grite. 
| 
* 
: 5FO ex 
Y@ast 15) | 
S4ite > | 
4 ~ana iftter; crag. s qrite, | 
rk 
4 . ~ ~ = + 
= 
ata 
a 


3 


Kk. B. Hart, J. G. Halpin, and H. Steenbock 435 


When 20 per cent of dirt was incorporated with the ration, 
using the same soil as was used in our earlier experiments, we were 
unsuecessful in bringing any of the lot through to maturity 
(Chart 19). These animals did not develop typical leg weak- 
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Cuart 18. 10 per cent of charcoal in the ration did not lead to suecess- 
ful growth with all individuals, but none in the group developed leg 
weakness, 
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Cuart 19. With 20 per cent of soil as a roughage we were unsuccessful 
in bringing any of the birds through to maturity. 


ness, in so far as inability to walk is characteristic*of that trouble, 
but they did show the ruffled feathers and swollen joints which 
are always part of the picture of leg weakness. With less 
dirt in the ration, 10 per cent, we were much more successful 
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in the rearing than where the higher level was used. Complete 
success was not obtained in this case (Chart 20) but four of the 
birds reached weights of 480 to 690 gm., respectively, in 18 weeks 
when they were discarded. Two from this lot died in the course 
of the experiment, but not from leg weakness. It is apparent 
that dirt itself is an effective factor in the rearing of baby chicks 
where the choice of the amount to be consumed is left to the 
bird. With a synthetie diet and under confinement the dirt 
Was not so successful a source of ballast as was paper or charcoal. 

It has been fairly well demonstrated by the work detailed 
above that the roughage factor when of suitable kind is the 


CHart 20. Incorporation of 10 per cent of soil was more effective than 
20 per cent of the same material. 


portant one in preventing leg weakness. This malady is not 
due to a deficiency in one or more of the now recognized factors 
for successful nutrition such as energy, protein, salts, or vita- 
mines or to a deficiency in supply of a special vitamine. Further 
demonstration of this fact is illustrated in Chart 21, where there 
was not only an abundant allowance of all the nutritive factors 
known at the present time, but where the exercise factor was 
also amply provided for. We used as seratch a grain mixture of 
30 parts each of vellow corn, corn gluten, and millet; and as a 
mash a mixture of wheat bran 30 parts, shorts 25 parts, vellow 
corn meal 25 parts, and meat seraps 20 parts. Skim milk was 
given ad libitum. Green feed was daily provided by the use of 
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fresh, green, crushed clover. A deep litter of cut corn fodder 
was furnished in which the birds were compelled to work actively 
for their scratch feed. These animals grew at very rapid rates 
for S weeks, reaching weights varving from 332 to 417 gm. in that 
time. At the end of that time they all began to develop leg 
weakness with varying degrees of intensity. There were two 
factors contributing to leg weakness in the lot; first, they were 
overted a highly concentrated diet and second, they did not eat 
enough of the roughage available and in consequence a dilution 
of the diet was not secured. Had the roughage been incorpo- 
rated in adequate quantity with the grains and concentrates 
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Cuarr 21. With all known nutrient factors present and with exercise 
and green feed furnished we may have leg weakness develop. The absent 
factor was an adequate consumption of roughage. 


thereby compelling a lower consumption of absorbable nutrients 
probably no trouble would have resulted. 

Again, as an illustration of the necessity of an intimate incorpo- 
ration of the roughage, at least with synthetic dicts to be used 
in the study of the nutrition of chickens, Charts 22 and 28 are 
added. In one instance we provided a cut oat straw litter and 
in addition mixed into the ration 10 per cent of cut oat straw. 
The straw was cut in lengths of approximately } to 4 inch. Leg 
weakness developed with three of the birds in 6 to 18 weeks and 
terminated their lives. The other 3 also developed this trouble, 
but in milder form, and grew at a slower rate of 15 to 16 weeks 
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when they were discarded. It is apparent that unless this class 
of animals will voluntarily eat the roughage in plentiful quantity, 
merely having it present and trusting to a haphazard consump- 
tion is to invite a high mortality. Further, it is altogether 
probable that the roughage should either be practically inert and 


lacking in taste, or should be one of an attractive palatability. 


cal CHART 22] LOT /22. 
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CrHart 23. Another failure to rear baby chicks where the roughage is 
not intimately a part of the ration or so attractive in palatability as to 
invite consumption. 


In Chart 23 are shown results secured with dry, cut clover 
hay used as a litter and also incorporated in the synthetic ration 
in the proportion of 10 per cent. Leg weakness developed in 
three of the birds of this lot and with such seriousness as to result 
in death at the end of 12 weeks. The other three birds made 


eeks 
Cuart 22. A failure to rear baby chicks when the roughage can be 
picked out and is not consumed. In this case cut oat straw served as the 
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slow initial growth and also developed mild symptoms of leg 
weakness. From this early attack of leg weakness they appar- 
ently recovered at the end of 12 weeks and showed a normal con- 
dition. The coarseness of the roughage used in these latter 
experiments allowed picking out which no doubt was the deter- 
mining factor in both rations made with cut straw and cut clover. 
This would explain individual variations such as observed here, 
those birds getting on better when they did not separately con- 
sume the concentrated food material, but ate the entire mixture, 
including the roughage. 


DISCUSSION. 


Our results on the study of the use of synthetic diets for the 
rearing of baby chicks points toward the primary importance of 
an indigestible ballast in their ration. Why we should have 
such variations in the effectiveness of these materials used is 
impossible to state. Possibly agar failed because it may have 
been digested in the tract of this species, or it is possible that as 
a gel in the intestine it was less effective as an absorbent than 
charcoal, dirt, or paper; we did have some success with it at a 
level of 10 per cent. Fullers’ earth is of a pasty charactei and 
was very inefficient as a ballast; because of its effective: ss as 
an absorbent it is possible that it prohibited the full reabsorption 
of certain essential nutrient factors, thereby hastening death. 
But speculation as to how these materials acted in the tract is 
unprofitable. 

We questioned whether there might be a direct correlation 
hetween leg weakness and an abnormal permeability of the 
intestinal wall, believing that herein may be found the real 
explanation for the prevention of this trouble with an effective 
roughage, in that it acts as an absorbent and ready means for 
the elimination of toxic materials generated in the tract. With 
this end in view a number of precipitin reactions was made on the 
blood of chickens suffering from leg weakness. The precipitin tests 
were carried out according to the technique of Kolmer and were 
made for us by Dr. P. W. Boutwell of this laboratory." The solu- 


‘IKolmer, J. A., A practical text-book of infection, immunity and 
specific therapy, Philadelphia and London, 1915. 
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tion of the protein against which it was thought that the animal 
might be sensitized was prepared as follows: 20 gm. of the ground 
feed (oats, corn, ete., as the case might be) were shaken up with 
200 ce. of an 0.85 per cent NaCl solution and allowed to stand 1 
to 2 hours. It was then filtered through a fluted filter and finally 
through a Berkfeld filter. This gave a perfectly clear solution 
Which foamed on shaking and clouded on heating, after adding a 
drop of 25 per cent nitric acid. The chicken was bled from the 
neck into small dishes, care being taken to keep the blood under 
as sterile conditions as possible. The blood was allowed to 
stand for a few hours until a clear serum separated which could 
be drawn off mto a sterile pipette. The tests were carried out as 
follows: to 2 ce. of the protein solution in test-tubes were added 
two drops of the serum to be tested. The tubes were then inecu- 
bated and observed at short intervals. In no case was there a 
positive precipitin test obtained. After a longer incubation a 
cloudiness was usually observed in the tubes, but the same oc- 
curred in the control when the serum was added to a salt solution 
alone. The addition of large amounts of the serum also caused a 
cloudiness in both the protein solutions and the control. As 
stated, all the results were negative. To check the method a 
white cockerel was sensitized against milk proteins by injecting 
5 ec. of milk into the large vein under the right wing. 4 days 
later 10 ce. of milk were injected into the vein under the left wing. 
6} days later 10 cc. of milk were Injected intraperitoneally. After 
a further period of 10 days the cockerel was bled and positive 
precipitin. tests were obtained when the serum was added to 
milk diluted 1 to 50 and 1 to 500. The fact that the precipitin 
tests were negative does not exclude the probability that leg 
weakness is due to an undue absorption of toxic substances and 
that the real function of roughage is to help in their ready elimi- 
nation. 

The fact that fowls suffering from leg weakness have an anemic 
appearance led us to make a number of hemoglobin examinations 
in the case of leg weakness as well as of normal specimens. The 
determinations were made using the Fleichl-Miescher hemometer. 
The chickens were bled from the wing vein. Determinations on 
six separate individuals suffering from leg weakness at various 
stages of severity showed a hemoglobin content varying from 
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7.45 per cent to 11.2 per cent. The amount found in normal 
birds averages 7.49 per cent. These data would indicate that 
in this disease there was not a subnormal hemoglobin content in 
the blood. 


SUMMARY. 


I. Our work points to the conelusion, which is in confirmation 
of the work of Osborne and Mendel, that the disease known 
sinong poultrymen eas leg weakness is caused by the lack of a 
suitable roughage in the ration. 

2. Among the roughages tried with our synthetic ration were 
paper, chareoal, dirt, agar, and fullers’ earth. Paper in a con- 
eentration of 1O per cent of the ration was the most effective 
roughage used; agar was much less effeetive and fullers’ earth 
almost worse than nothing. 

3. The use of green cabbage, green clover, or of orange juice 
did not, in the absence of a suitable roughage, prevent the prog- 
ress of this disease. Consequently we do not believe that leg 
weakness Is a scurvy of chickens. 

4. Provision for plenty of exercise or green feed will not pre- 
vent leg weakness if the bird at the same time is overfed a con- 
centrated ration. 

5. We obtained no evidence in cases of leg weakness that ani- 
mals were sensitized to the proteins of their food. The blood 
did not show the precipitin reaction for the food proteins used. 
This would indicate that the food proteins as such were not 
traversing the intestinal wall. This negative evidence does not 
preclude the possibility of undue absorption into the blood stream 
of intestinal waste products in cases of leg weakness. The 
hemoglobin content of the blood of leg-weak chickens was not 
different from that of normal birds. 

6. Our success with paper and the synthetic diet will make 
possible a study of the quantitative relations of the factors of 
nutrition in the growth of chickens. 
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EXPLANATION OF PLATES. 
PLATE 1. 


Fic. 1. A typieal case of leg weakness. This result was produced by 
our synthetic diet containing no roughage. Photographed when 90 days 
old. 

Fic. 2. Reared on a synthetic diet containing 10 per cent of dirt. 
Weighed 1,092 gm. when photographed at 14 weeks of age. Although not 
fully feathered this bird appeared normal. 


PLATE 2. 


Fic. 3. Reared on a synthetic ration containing 20 per cent of char- 
eoal. Weighed 994 gm. when photographed at 14 weeks of age. Although 
not fully feathered this bird appeared normal. 

Fic. 4. Reared on a synthetic diet containing 10 per cent of paper 
reground with the ration. Weighed 710 gm. at 16 weeks and apparently 
was in perfect health. 
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Fic. 2. 


(Hart, Halpin, and steenbock Synthetic diets for baby chicks.) 
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AMINO-ACIDS IN NUTRITION.* 


I. STUDIES ON PROLINE: IS PROLINE A GROWTH-LIMITING 
FACTOR IN ARACHIN (GLOBULIN FROM THE PEANUT)? 


By BARNETT SURE. 


(From the Laboratory of Agricultural Chemistry, University of Wisconsin, 
Madison.) 


(Received for publication, April 22, 1920.) 


Perhaps there is no problem in the realm of physiological 
chemistry that is more significant than the question of the syn- 
thetic power of the animal organism for the individual amino- 
acids of the proteins. That the animal body is able to synthe- 
size glycine is a well established fact (1). That it requires 
tryptophane, the indole nucleus of the protein chain, and is 
undtble to make it itself has been established by Willock and 
Hopkins (2), Abderhalden (3), Osborne and Mendel (4), and 
Wheeler (5). That the same is true of cystine is evident from 
the fact that Osborne and Mendel (6) procure such remarkable 
increases In weight of their animals when small amounts of iso- 
lated cystine are added to low planes of intake of casein, which 
has a low cystine content. Similar results were reported recently 
by Johns and Finks (7) in the case of phaseolin, the globulin and 
the main protein from navy bean. 

In connection with lysine, Hart, Nelson, and Pitz (8), contrary 
to the findings of Osborne and Mendel (9), recently produced 
evidence that the mammary gland is unable to synthesize this 
complex. 

With regard to tyrosine, we have conflicting evidence. Abder- 
halden (3) claims that this complex is essential for growth, while 
Totani (10) believes that the animal cell has the power of syn- 
thesizing the hydroxy-phenyl nucleus of the protein molecule.. 


* This article forms part of a thesis submitted in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy in the Univer- 
sity of Wisconsin. 
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Hopkins (11) has recently reported that arginine and histidine 
ean replace each other when equimolecular amounts of either are 
added to the ration; also that with a diet made up of histidine, 
cystine, tyrosine, tryptophane, and lysine, that is a diet con- 
taining five out of the eighteen amino-acids of a protein, there 
occurs a remarkably slow loss of weight and long maintenance 
with apparent health. However, with a diet made up of leucine, 
valine, alanine, glycine, and glutamic acid, loss of weight is rapid 
and the animals soon succumb. Hopkins’ work shows the rela- 
tive indispensability of the ring compounds and the lesser impor- 
tance of the monoamino-acids in proteins for nutrition. 


EXPERIMENTAL, 


As noted in this short review of the literature, no attempt 
has vet been made to determine the synthetic capacity of the 
animal cell for the pyrrole nucleus as found in proline. It was 
this problem which was submitted to experimental inquiry and 
the results thus far secured are presented in the following proto- 
eols and discussions. 

As proline is present in considerable amounts in most proteins, 
it was not found possible to feed a protein entirely deficient in 
it, with the aim of ultimately making proline additions and 
noting the resultant improvement in the growth of the animals. 
furthermore, as proline is not destroved by hydrolysis or quan- 
titatively precipiiable, it was impossible to feed cleaved pro- 
teins from which all proline had been removed. Recourse there- 
fore was had to the use of such proteins as have been reported 
low in proline, with the hope that their proline content might be 
sufficiently low to bring out possible limitations of the svnthetie 
capacity of the animal. Three proteins which qualified with 
respect to a low proline content are edestin, lactalbumin, and 
arachin. In edestin, the globulin from hemp seed, about 1.7 
per cent of the nitrogen is in the form of non-basic non-amino 
nitrogen (12), which is equivalent to 2.6 per cent of the protein 
as proline. In lactalbumin, the heat-coagulable protein from 
milk, Osborne and associates found 1.8 per cent of the nitrogen 
in the non-basie non-amino form (12), which presumably repre- 
sents proline and oxyproline nitrogen. In the same protein 
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Crowther and Raistrick report 2.0 per cent of the nitrogen in the 
same fraction, using the same method of analysis (13). In the 
following experiments edestin was not used, as the large quanti- 
ties necessary for the experiments are prepared only with diffi- 
eultv. Lactalbumin also was not used as a primary constituent 
of the rations, because it was later found, as brought out in the 
following paper (14), that in this protein evstine and tyrosine 
are the growth-limiting amino-acids. Arachin alone, as isolated 
by Johns and Jones (15), was finally chosen as it is readily prepared 
and is the lowest in proline of any protein vet reported. “Their 
snalvsis of this protein follows (16): 


per cent 

63.78 


lt will be noted from the above table that arachin is a complete 
protein in so far as it contains all the amino-acids, with the 
exception of glycine and possibly serie and oxyproline, thus far 
isolated as final hvdrolvsis products of proteins by chemical 
methods. It is rather low in eystine and in proline. It is also 
rather low in histidine, containing only 1.88 per cent, but remark- 
ably high in arginine, 13.51 per cent, and, if Hopkins’ idea of the 
transformation of arginine and histidine into each other by the 
animal cell is correct, then there ought to be more than sufficient 
arginine to take care of the possible deficiency of histidine. ‘Tryvp- 
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tophane evidently was not determined quantitatively and the 
data are only qualitative. In order to eliminate cystine and 
tryptophane as possible limiting factors before a response to 
proline addition could be expected, they were added to the extent 
of 1.0 and 0.5 per cent of the protein, respectively. Since casein 
is reported by Hopkins and Cole (17) to contain only 1.5 per cent 
tryptophane, and, furthermore, since arachin is shown to contain 
this amino-acid, 0.5 per cent additions of tryptophane were con- 
sidered to be sufficient to eliminate that constituent as a possible 
limiting factor. 

All the data that were collected were obtained using rats as 
the experimental animals. The rats were confined in wire cages 
in small groups and kept under sanitary conditions, being at all 
times abundantly provided with the rations fed and with distilled 
water. Among the ingredients in the ration, the water-soluble 
Vitamine was introduced in the form of an alcoholic extract 
of wheat embryo—previously extracted with ether—in such 
amounts that each 100 gm. of ration carried the extract from 15 
gm. of wheat germ. The extract was evaporated on the dextrin 
before being introduced in the ration. The salt mixture was one 
previously used in this laboratory (18). 

The proline used in this feeding work was first prepared by 
the Fischer ester method (19). Proline has no amino group and 
consequently should contain no amino nitrogen; however, both 
the racemic and optically active proline contained 10 to 12 per 
cent amino nitrogen. This foreign amino nitrogen could come 
only from alanine, leucine, and valine, or the leucine fraction; 
and, therefore, the latter was fed as a control. During the pro- 
eess of distillation of the esters it was not always possible to 
maintain as low a pressure as 0.56 mm. and at times 2 to 3 mm. 
pressures were employed and, therefore, the temperature often 
had to be raised slightly, possibly carrying over traces of the 
next fraction of esters. Such a condition may very well have 
influenced, at least partly, the solubility of some amino nitrogen 
in the presence of proline in absolute alcohol. Later, proline 
was prepared by the method of Fischer and Boehner (20) not 
involving esterification. By slightly modifying the technique of 
these authors by introducing phosphotungstic acid to precipitate 
the bases, proline was obtained which contained only 5 per cent 
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amino nitrogen. The fact that Van Slyke (21) introduced a 
method for determining proline by the difference between the 
total and amino nitrogen of the alcoholic extracts of the leucine 
fraction in itself suggests that it is not always possible to procure 
proline absolutely free from some amino nitrogen. 

Supplementary to the experiments where proline was added 
to the ration some attempts were made to use pyrrolidone car- 
boxylic acid instead. The great similarity in structure of these 
two compounds 


CH,— CH, CH,.—CH, 

| 

CH, CH-:COOH C=O CH: COOH 
NH NH 

Proline Pyrrolidone carboxylic acid 


and the ease with which pyrrolidone carboxylic acid is formed 
from glutamic acid made a determination of the possible functions 
of this derivative very interesting. It was prepared in quantity 
by Foreman’s method (22) and was used in a few experiments. 

With the aim of ascertaining the conditions under which sup- 
plementary additions of proline might be expected to produce 
the most decisive results, it was necessary to determine first the 
increments of growth possible on various planes of arachin intake. 
As no data on the biological efficiency of arachin were available, 
it was necessary to establish these fundamental relations which 
are brought out in the following protocols. 


Chart I, Lot 9.--Arachin obviously gives no indication of containing a 
mixture of amino-acids of unusual value for satisfying the requirements 
of the growing organism, otherwise an intake at a level of 8 per cent of 
the ration—especially when supplemented with cystine and tryptophane— 
should have made possible more than maintenance in these young rats. In 
this lot in a preliminary test at ‘‘a’’ a 0.12 per cent addition of pyrrolidone 
earboxylic acid was made with negative results, but when at ‘‘b’’ 4 parts 
of arachin were replaced by lactalbumin—also in itself a poor protein-— 
some growth was made possible. 

Chart I1, Lot 8.—12 per cent of arachin supplemented with cystine and 
tryptophane gave no indication of possessing greater value for inducing 
growth in rats on an otherwise satisfactory ration than 8 per cent of 
arachin (Chart I, Lot 9). When at ‘‘a’’ there was added in addition to 
the evstine and tryptophane I-proline equivalent by weight to 5 per 
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cent of the arachin no improvement resulted, but when later one-half 
of the arachin was replaced by lactalbumin, as in Chart I, growth was 
made possible. | 

rt Il, Lot 15.—Vven when fed at an 18 per cent level and when sup- 
plemented with eystine and tryptophane, arachin proved to be a poor 
protein. A small amount of growth resulted at this intake but it was not 
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maintained even when at ‘ta’ I-proline to the extent of 0.9 per cent 
of the ration or 5 per cent of the protein was added. 

Chart IV, Lot ¥.--Here the feeding of the basal ration containing IS per 
eent arachin as in Chart Itt, Lot 15, was duplieated with, however, less 
resultant growth and this in spite of the fact that adequate consumption 
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for growth was obtained. At ‘‘a’’ the ration was supplemented with a 
leucine fraction (Fischer ester distillation) from casein, and at ‘‘b’’ by 
l-proline in addition. Though the proline was added in an amount 
equivalent to 5 per cent of the arachin, and at ‘‘e’’ an additional amount 
of tryptophane was introduced, so that in all 2.5 per cent of the weight of 
protein in tryptophane had been added, no growth resulted. Alanine, 
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leucine, valine, cystine, tryptophane, and proline are, therefore, elim- 
inated as primary factors in the limitation of growth of the animal when 
arachin is the sole source of protein. 
Chart V, Lot 11.—Of the probable supplementary value of lactalbumin 
and arachin some evidence has already been presented (Charts I and II). 
: Here we have indications that in the presence of cystine the supplementary 
| effect is of a high order of efficiency. 
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Chart VI, Lot 38.—In the absence of additional eystine very good sup- 
plementary effect was produced. On the whole, the performance of the 
animals was not so good here as in Chart V, Lot 11, but this may be con- 
sidered eliminated when consideration is given to the fact that this lot 
contained three females instead of two. 

Chart Vil, Lot 13.—Subjecting the failure of l-proline to enhance 
eficiently the value of arachin for production of growth in the rat to 
further analysis, it is seen that gelatin, though it is very rich in proline— 
7 per cent--likewise is of little or no value. Conditions were, however, 
somewhat different from those obtained with the rats on the arachin- 
ceVstine-tryptophane diets, as these animals were very irritable, became 
emaciated, and lost some of their hair. In spite of this, somewhat more 
crowth was obtained, vet the increment wasnot sufficient tobe of decisive 
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Chart VIII, Lot 10.--Zein, another protein high in its proline content— 
% per cent —-when used as a supplement to arachin brought the animals 
into the same state as gelatin, with this exception that after 8 weeks there 
ensued recovery from their poor nutritive condition; vet little growth 
resulted. It was surmised that failure of growth might have been due to 
the indigestibility of the zein, but an attempt to feed hydrolyzed zein 
led to failure as the animals. refused the ration. 

Chart IX, Lot 27.—While not strictly germane to the subject under con- 
sideration, yet it was of interest to determine the biological value of the 
mixture of globulins, arachin and conarachin, as they are extracted from 
the peanut by salt solutions. As seen on the chart, no better results 
were obtained with these than with arachin alone. Tryptophane added 
at ‘fa’? to the extent of 2.5 per cent of the protein proved not to be the 
limiting factor. 
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DISCUSSION, 


In the data presented it is shown that arachin is biologically 
a poor protein. Other proteins showing a similar distribution 
of amino-acids have been found to be good proteins. It is, how- 
ever, true that the available analysis of arachin, as with other 
proteins, leaves much to be desired, because only a fraction, 
63 per cent, of the amino-acids has been isolated (16).0 Assum- 
ing that arachin was either a good or poor protein in spite of or by 
virtue of its low proline content, 1.37 per cent, proline additions 
were made, When these additions were made, even in the pres- 
ence of additional eystine and tryptophane, which have already 
been found to be growth-limiting factors with other proteins, 
negative results were obtained. Furthermore, the fact that 
neither gelatin nor zein, which are both high in proline, supple- 
ment this globulin of the peanut gives evidence that proline is 
not the growth-limiting factor in arachin. 

With lactalbumin efficient supplementation was secured but 
unfortunately this does not give unequivocal evidence as. to 
the character of the deficiency of arachin. It cannot have been 
tryptophane which is contained in lactalbumin, because in one 
experiment this amino-acid was added to the extent of 2.5 per 
cent of the arachin (Chart IV, Lot 7; Chart IX, Lot 27) and 
no response was secured. It also cannot have been evystine 
because evstine added equivalent to 1 per cent of the arachin, in 
the presence of tryptophane, was also ineffective and further- 
more lactalbumin itself is deficient in this amino-acid (14). 

It is also true that arachin is rather low in histidine, 1.88 per 
cent, but on the whole, judging from its chemical composition, and 
also making additional allowance for the 37 per cent of the amino- 
acids that were lost in manipulation, this protein ought to be 
fairly good for growth. Actually, however, even with additions 
of cystine, tryptophane, proline, alanine, leucine, and valine, it 
serves for little better than maintenance. 

Although according to present data arachin contains in quan- 
tity all the amino-acids believed to be necessary for the con- 
struction of mammalian body tissue, it was in these experiments 
found inadequate for maintaining growth in the rat. For this 
apparent inconsistency between chemical and biological tests 
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there is no explanation at present. It is quite possible, how- 
ever, that this anomalous condition may be clarified if we accept 
that constitutional differences as well as qualitative and quan- 
titative distribution of amino-acids may determine the biological 
value of a protein. It is quite possible that the chemical strue- 
ture of the protein may be such that after digestion certain 
of the simple peptides containing some amino-acid essential for 
the construction of body tissue escape further cleavage and 
present themselves in a form unacceptable for assimilation into 
body tissue. In this connection it is to be remembered that, 
while amino-acids have been isolated from blood and while an 
increase In non-protein, non-urea nitrogen and an increase in 
free amino nitrogen has been observed during digestion, it is 
still not evident as to the form in which the nitrogen is assimilated 
by the tissues from the blood stream. It may be absorbed as 
peptides or as amino-acids or as both. In the latter case the 
quantitative relations between these processes would determine 
the issue. It is not intended to enter into a discussion of this 
phase of the subject further than to point out how imperfect 
hydrolysis may modify assimilatory processes. For differences 
in the cleavage of peptides by enzymes the work of Abderhalden 
done in vitro gives abundant evidence. 

Fischer and Abderhalden (23) demonstrated that cn vitro 
trypsin is able to hydrolyze certain polypeptides while it) will 
not split others due to differences in arrangement. ‘To give 
the simplest example, alanyl-glycine, CH;.CHN..CO.NH. 
CH2COOH, is hydrolyzed while its isomer, glycyl-alanine, 
NHe.CHe. CONH.CH.(CH;)COOH, is not. Numerous more 
complicated instances are cited but it is sufficient to say that con- 
figuration is an important factor determining whether certain 
polypeptides will be and whether others will not be hydrolyzed 
by enzymes. That a similar situation may exist in the digestive 
tract of the animal organism is suggested; and, until further 
experimental data based on specific amino-acid additions are 
obtained which may improve the poor quality of arachin, If Is 
tentatively proposed that the deficient character of arachin is to 
be attributed to its stereochemical rather than to its chemical 
eomposition. 
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It remains, however, to establish that proteins differ in the 
arrangement of their component amino-acid constituents to the 
extent that incomplete hydrolysis in a given time would obtain 
with one and not with the other. As far as known to the author 
differences in the digestibility or rate of digestion of peptides 
isolated from proteins has not been demonstrated. 

Although arachin is deficient as a food protein, it Is interesting 
io note that Daniels and Loughlin (24) have recently shown 
that the total proteins of the peanut are satisfactory for growth. 
Peanuts, then, must have other proteins that supplement arachin. 


SUMMARY. 


I. Arachin is Diologically a poor protein in spite of the fact 
that chemieal analysis indicates absence of no necessary amino- 
acid, 

2. Proline is not a growth-limiting factor tn arachin. 

3. Neither gelatin nor zein, which are high in proline, supple- 
ments arachin. This fact is additional evidence that proline is 
not the nucleus responsible for the poor biological value of that 
globulin of the peanut. 

4. Trvptophane and evstine when added to the extent of 2.5 
and 1.0 per cent of the total protein respectively did not improve 
the deficient character of arachin. 

5. The leucine fraction, composed of a mixture of alanine, 
leucine, and valine, did not improve the nutritive value of arachin. 

6. Lactalbumin, in itself a deficient protein biologically, sup- 
plements arachin, but to a much greater extent in the presence of 
evstine, 

7. Arachin is not supplemented by its sister globulin, conarachin. 


The author wishes to express his appreciation to Professor 


ly. B. Hart and Professor H. Steenbock for many valuable sugges- 
tions and criticisms in connection with this work. 
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AMINO-ACIDS IN NUTRITION.* 


Il. THE NUTRITIVE VALUE OF LACTALBUMIN: CYSTINE AND 
TYROSINE AS GROWTH-LIMITING FACTORS IN THAT PROTEIN. 


By BARNETT SURE. 


(From the Laboratory of Agricultural Chemistry, University of Wisconsin, 
Madison.) 


(Received for publication, April 22, 1920.) 


Since 1911, when Osborne and Mendel published their first 
work on ‘‘ Feeding experiments with isolated food substances,” 
there has been made accessible to investigation the problem of 
the biological evaluation of proteins as correlated with their 
chemical analvses. It is true that for a time the advance made 
in the solution of this problem was obscured by the lack of appre- 
ciation of the necessity of the presence of the water-soluble and 
fat-soluble vitamines, but this was soon rectified as information in 
connection with these vitamines was accumulated by Hopkins (1), 
MeCollum and Davis (2), and by Osborne and Mendel themselves 
(3).% However, with the incorporation of the water-soluble vita- 
mine in the diet in the form of the extracts in which it is known 
new complications were introduced, inasmuch as this also meant the 
introduction of a small amount of nitrogen in unknown forms. 
Some of the earlier work in this field was, therefore, open to much 
criticism, as unquestionably in many instances the amino-acid 
deficiency of a protein was covered by the amino-acid nitrogen 
contained in the vitamine preparations used in excessive amounts. 
Even with the present technique of ration-compounding this 
difficulty has not been entirely circumvented, but it has at least 
been minimized by the use of vitamine preparations low in nitro- 
gen and minimum in amount (4). 


* This article forms part of a thesis submitted in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy in the University 
of Wisconsin. 
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In the early work of Osborne and Mendel, lactalbumin no mere 
than edestin or other globulins was able to support growth. Hut 
here the fat-soluble vitamine was not Incorporated in the dict 


and little else was to be expected. In 1916, in a series of experi- 


ments designed to test the comparative values of casein, lactal- 
and edestin, these same workers found that lactalbumin 
was a profern of unusual value; in fact, 50 per cent more cascin 
and YO per cent more edestin than lactalbumin were required to 
Py produce the same inerement in growth (5). Later, however, in 
ii another series of expernments they found lactalbumin, as wel! as 
: : cotton-secd globulin, cotton-seed protein, or squash seed globulin, 
invariably unable to support growth (6). Phese confhieting data 
| were harmonized when it was appreciated by them that where 
Ys failure had supervened veast had been used as the source ot the 
Ve water-soluble vitamine, while where success had been obtained 
at their so called) protein-free milk had been used instead. 
% | dently, then, here occurred a conerete instance of supplementa- 
tion of an “ineomplete’” protem by the mitrogen of a water- 
A | soluble vitamine preparation from milk. Possibly the statement 
ot of MeCollum, Simmonds, and Parsons (7) that lactalbumin is a 
Aa 3 poor protein «an also be harmonized on these general prenuses. 
oe | Another suggestion has been made by Emmett and Luros (5), 
4 | in which they state that lactalbumin is a complete protein and 
= that their sueeess was duc to a vitamine, with a possible detonity- 
a | ing effect, carried by the lactose and not introduced by other 
a investigators. It scarcely appears necessary, however, in. the 
q light of present information to advance such hypotheses, in addi- 
a tion to those already advanced, which are based on the supple- 
i mentary value of the nitrogen carried by the vitamine prepara- 
it tions. It becomes increasingly desirable, however, to establish 
oe definitely the specific amino-acids which limit the nutritive value 
: of lactalbumin. 
EXPERIMENTAL. 
af | All the experiments were carried out on young rats according 
aa to the technique which has become a standard in this laboratory 
: in the course of the last few vears. As basal constituents there 
e were used dextrinized corn-starch, agar-agar for roughage, Salt 
No. 82 for mineral constituents, filtered butter fat for fat-soluble 
{ 
bis 
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Vitumine, and an aleoholic extract of cther-extracted wheat 
embrvo for water-soluble) vitamine. Before the experimental! 
detuils were fully organized one ration containing yeast as the 
source of water-soluble vitamine was started, but this was later 
changed as the wheat embryo preparation was found ‘oO intro- 
duce only one-third as much nitrogen as the veas.. Al hough 
comparative supplementary values could not be forecast, i 
nppeared to be desirable on general premises to imtroduce the 
munuimum of nitrogen that might be of possible supplementary 
value. 


the individual proteins of milk not be as definite entities as is 
ordinarily assumed, it appears desirable to describe the method of prepa- 
ration of the lactalbumin used in some detail. The small amount of so 
called albumin in milk as obtained by heat coagulation after the removal 
of the easein made it almost impossible to consider milk as a source for 
its preparation. Instead there was used the whey produced in the manu- 
facture of cottage cheese by the lactic acid fermentation process. 1.000 
to 2.000 pound lots of this whey were run through a centrifugal whey 
separator to remove small particles of casein held in suspension and then 
heated by steam to about 89°C. for L hour. Care was taken to avoid vio- 
lent agitation, as otherwise the coagulated albumin particles do not coa- 
lesee and their collection is made difficult. After settling for 1 hour the 
supernatant liquors were run off through a large wire strainer covered wit! 
three lavers of cheese-cloth. The albumin left in the vat was united with 
that eaught by the strainer and after standing for 24 hours was deeanted 
tree from excess liquors and worked up repeatedly by hand with 40 liters of 
chioroformed tap water for a week. This was done to wash out soluble 
forms of nitrogen of possible supplementary nutritive value. The super- 
natant Liquor was finally allowed to drain off through the strainer. and 
the albumin dred in a steam oven at a temperature not exceeding 75°C. 
final purification with hot 95 per cent aleohol left a product faintly tinged 
with vellow. On analysis it was found to contain from 0.5 to 0.7 per cent 
ash, 0.06 per cent phosphorus, and 14.8 to 14.7 per cent nitrogen. 

Chart I, Lot 4.—Lactalbumin fed at an 1S per cent level in a low calorie 
ration and when supplemented with evstine to the extent of 1 per cent of 
ihe weight of the protein met the requirements for growth in the rat. 

Chart II, Lot 5.-By comparison with Chart 1, Lot 4, it is seen that 
when the eystine is omitted from the ration the growth of the animals is 
far from being satisfactory. Of the four animals fed on this ration one 
was able to grow at a rate which may be considered normal, but, on the 
other hand, three failed to continue their growth. This is to be taken as 
indicating a deficiency of the ration, for while the one animal was able to 
crow, that ability no doubt was resident in either a larger consumption of 
the ration, or else in a greater efficieney in conserving available sulfur 
complexes in the body. 
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Chart III, Lot 37.—A duplication of the experiment of Chart II, Lot 5, 
resulted in good growth of the four animals for a considerable period, but 
ultimately failure ensued in two animals out of the four in the time that 
When at this point the ration was fortified with 
cystine there resulted prompt recovery. This emphasizes the point indi- 


the trial was continued. 


1TIn all charts, for 40 gm. ether-extracted wheat embryo”’ read “15 


gm. ether-extracted wheat embryo.”’ 
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eated in the previouschart that cystine is a limiting factor in the biological 
The fact that the two animals did not respond 
to the addition of cystine does not detract from the value of the data, 
as this may well have been due to irreparable injury directly or indirectly 


efficiency of lactalbumin. 
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caused by the amino-acid deficiency. 
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Chart IV, Lot 2.—Lactalbumin at al2 per cent level supplemented with 
] per cent cystine supported a fair amount of growth. 
Chart V, Lot 33.—When not supplemented with cystine at a 12 per cent 
luectalbumin level the growth performance was considerably inferior (Chart 
IV. Lot 2). 
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CHuarts VIET anp VIII. 


Chart VI, Lot 1.—When veast was used as the source of the water-soluble 
vitamine, lactalbumin on a 12 per cent level supplemented with 1 per 
cent of cystine allowed the rats to make excellent growth. At “a” the 
veast was replaced by an alcoholic extract of ether-extracted wheat em- 
bryo, sueh as was used in the other rations, and growth continued for the 
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duration of the trial. While in itself not conclusive, as the supplementary 
value of the yeast alone was not determined, yet Osborne and Mendel’s 
findings that lactalbumin was a poor protein when yeast was used as a 
source of the water-soluble vitamine strongly suggest that the addition of 
cystine was here responsible for the excellent growth. The continuation 
of growth when the change in water-soluble vitamine from yeast to an 
alcoholic extract of wheat embryo was made bears out this suggestion. 

Chart VIT, Lot 25.—When supplemented with 1 per cent of evstine no 
such increment in growth is obtained with the lactalbumin fed at a 9 
per cent level as when fed at a IS or even 12 per cent level. At this low 
level of protein intake evidently other amino-acids are reduced in amount 
below the level where they can still allow growth to take place after the 
primary deficiency of cystine has been removed. 

Chart VIII, Lot 31.—The amino-acid responsible for failure of growth in 
Chart VII, Lot 25, appears to be tvrosine. Growth was regular and 
long continued when the lactalbumin fed at a 9 per cent level was supple- 
mented with tyrosine as well as cystine. From this it appears that when 
an aleoholie extract of wheat embryo is used as the source of the water- 
soluble vitamine tyrosine is the second growth-limiting factor in lact- 
albumin, 


DISCUSSION. 


It appears demonstrated that lactalbumin, if we accept as 
lactalbumin the proteins in milk removable by heat coagulation 
after the casei has been removed, is biologically an incomplete 
protein. This was brought out in feeding trials even when 
nitrogen in unknown forms had been introduced with the water- 
soluble vitamine in the ration, so that it constituted 2 per cent of 
the total protein nitrogen. Under the experimental conditions 
eystine proved to be an efficient supplement to the lactalbumin 
when the protein was fed at an 18 and at a 12 per cent level; vet 
lactalbumin is not unusually low in cystine, as it has been reported 
to have 1.30 per cent of its total nitrogen in the form of cystine 
or 1.74 per cent molecular cystine (9), which is about the average 
percentage of cystine in other proteins (10). Although arachin 
contains only about one-half as much cystine (0.88 per cent cys- 
tine nitrogen) as lactalbumin, no response to cystine additions 
was obtained in the case of arachin, even in the presence of tryp- 
tophane (11). This fact the author believes is further evidence 
to substantiate the theory set forth in a previous communication 
(11) that the efficiency of a protein may largely depend on its 
constitution as well as composition in amino-acids, and that 
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chemical analysis of amino-acid content may at times be inade- 
quate to explain the nutritive failure or suecess obtained with 
certain proteins widely distributed in nature. It is quite possible 
that cystine is so oriented in the complex polypeptide chain of 
lactalbumin that when it is hydrolyzed by the enzymes in the 
digestive tract it is split into simpler peptides of such form that 
a great part of them escape further cleavage, and are, there- 
fore, deaminized and converted to urea. Of course, it still leaves 
open the possibility that the animal organism requires more 
evstine than that actually contained in lactalbumin when that 
protein is fed at as high a plane of intake as 18 per cent of the 
total food. 

Osborne and Mendel found lactalbumin to be a highlv efficient 
protein when fed with protem-free milk, and the experimental 
data here presented show that evstine renders that proteim of 
excellent nutritive value. when emploving a synthetic salt mix- 
ture, and an alcoholic extract of wheat embryo for water-soluble 
vitamine, when without cystine it is of little value. The author 
is consequently of the opimon that protein-free milk must either 
‘arry cystine as part of its mtrogen of unknown source, or other 
forms of organically bound sulfur which the animal organism can 
readily transform into cystine. An analysis of protein-free milk 
showed a sulfur content of 0.2 per cent, of which the greater part 
was In organic combination. 

While growth was induced by the addition of cystine to lactal- 
bumin when fed at 12 and 18 per cent levels, such was not the 
ease when the protein was reduced to a 9 per cent level. This 
brings out the fact that, while eystine is the primary growth- 
limiting factor in lactalbumin, other amino-acids may also limit 
its usefulness when the intake 1s sufficiently reduced. With the 
protein under consideration this proved to be tyrosine, as com- 
plete success was obtained when the lactalbumin was fortified 
with 5 per cent of its weight of tyrosine. 


Prior to this work the experimental evidence does not give definite 
information with regard to the indispensability of tyrosine for growth. 
The first notable experiment on this subject was conducted by Abder- 
halden (12) on a dog. A preparation of the digestion products of casein, 
freed from tyrosine as completely as possible, was given to the animal. 
The dog lost 750 gm. in 9 days and there was a further loss of weight in 
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the 4 following days, though the loss of weight in the last few days may 
have been partly due to an insufficient intake of food. The loss of weight, 
however, was regained almost entirely when tyrosine was added to the pre- 
viously consumed dietary. Abderhalden, therefore, came to the conclu- 
sion that tyrosine is an essential amino-acid for nutrition. 

leecent!y Totani (13) continued the work on tyrosine with a view to the 
possible replacement of that amino-acid by its corresponding ketonic acid, 
sinee Abderhalden fed his protein freed from tyrosine by erystallization 
only, Potani made a much more painstaking and laborious attempt 
fowards removing all traces of tvrosine from a easein-hydrolvsis mixture. 
Ile found that after repeated erystallizations the material still gave a 
positive Millon’s test. Mercurie sulfate and phosphotungstie acid were 
then used to precipitate out any residual amounts of tyrosine. He then 
Pound that the most efficient method of exhausting casein of its tyrosine 
content was to use 2 combined tryptic and acid hydrolysis. With all his 
most elaborate methods his final preparation of hydrolyzed pretein was 
round te contain by eolorimetrie measurements 0.5 per cent tyrosine. 
‘Torani found that animals which received tyrosine did not produce any 
more growth than those that were on the practically tvrosine-free ration, 
and coneluded from these experiments that tyrosine is not essential for 
nutrition, thereby taking a stand opposite to Abderhalden. 

Totant also found that, while tryptophane improves somewhat the 
defetont character of gelatin, surprisingly. tvrosine, which is not found 
in that protein, does not: also that the addition of phenylalanine produces 
no efteet just like tyrosine. ‘This strengthens his evidence, he believes, 
that tvrosine is an amino-acid unessential for growth and that phenvl- 
tlantne ean be transformed into or tyrosine. 


Phere are several objections to ‘Votani’s work, the main being 
that his period of expertmentation. 2! davs. was altogether too 
short to get anv iden of the possible ou come of such an investi- 
gation. Besides, as Totamt admits himself: “It is, of course, 
an objeetion to my experiments thal the actual amount of tvro- 
sine left in the diet is uncertain.” He claims he could detect 
only O.3 per cent tvrosine, but that figure may be much higher 
and we do not know vet about the minimum requirements of 
that amino-acid for growth. Moreover, in his control ration 
his rats did not grow normally, and from the experience in this 
laboratory on the requirements of the water-soluble vitamine, 
Votants alcoholic extracts of protein-free milk did not furnish 
enough of that factor in the diet. In his work on gelatin the 
records show loss of body weight in all cases. The addition of 
tyrosine brought no improvement, neither did the equivalent 
cunount of phenvlalanine, vet the investigator concludes that the 
latter may be transformed into the former. 
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The author believes that Totani’s conclusions with regard to 
the possible synthesis of the benzene nucleus are unwarranted 
and are based on altogether inadequate data. On the contrary 
the experimental data here presented strongly suggest the indis- 
pensibility of tyrosine for growth. However, further experi- 
mental data are necessary to establish this point finally. 

Reconsidering the supplementary value of protein-free milk, 
it is interesting to note that, although Osborne and Mendel 
claim they were unable to obtain a positive Miullon’s test on 2 
or 3 gm. of preparations of protein-free milk (14) the author has 
repeatedly obtained positive tests for tyrosine in) preparations 
of several tenths of a em. of protem-free milk prepared exactly 
as deseribed by Osborne and Mendel. The preparations con- 
tained only 0.60 (10 0.65 per cent nitrogen, and, therefore, were 
certainly free from any notable amounts of casei or lactalburiin. 
When 28 per cent of the ration is made up of this protein-free 


milk the amount of tvrosine which may exist there either free or 


in peptide chain formation may be considerable. 


SUMMARY. 


1. Lactalbumin when fed as 12 and IS per cent of a ration, 
‘arrving 2 per cent of the total protein in the form of nitrogen ot 
unknown source In an aleohole extract of wheat embrvo to fur- 


nish the water-soluble vitamine, was found to be inadequate for 


growth. 
2. When fortified with a weight of evstine equal to L per cen 


of that of the total proteim, taetalbumin fed at an LS and 12 per 


eent level was found to be of exeellent nutritive value. Cystine, 
then, is the primary growth-limuting factor in that proteim. 

3. Lactalbumin, when fed at a 9% per cent plane of intake, even 
In the presence of T per cent of the total weight of the protein in 
the form of evstine, was found to be very deficient in nutritive 
value. However, when fortified in addition with tyrosine in 
amount equal to 5 per cent of the total protein, it was found to 
be of excellent nutritive value. Tyrosine, then, is the secondary 
growth-limiting factor in that protein. 

4. Protein-free milk was found to have a total sulfur con: emt 
of 0.2 per cent, the greater part of which is in organic form. The 
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results suggest that protein-free milk contains either cystine or 
organically bound sulfur which the animal organism can trans- 
form into cystine. Protein-free milk was found to give qualita- 
tive tests for tyrosine. 


The author wishes to express his appreciation to Professor 
I. B. Hart and Professor H. Steenbock for many valuable sugges- 
tions and eriticisms in connection with this work; also to Professor 
lk. H. Farrington of the Dairy Department of the College of 
Agriculture for the splendid facilities offered him in the prepara- 
tion of lactalbumin. 
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OCCURRENCE OF INOSITE HEXAPHOSPHORIC ACID 
IN THE SEED OF THE SILVER MAPLE 
(ACER SACCHARINUM). 


SIXTEENTH PAPER ON PHYTIN. 
By R. J. ANDERSON. 


Witru Tue CoLLABORATION or W. L. KWULpe. 


(From the Biochemical Laboratory, New York Agricultural Experiment 
Station, Geneva.) 


(Received for publication, June 21, 1920.) 
INTRODUCTION, 


In an earlier paper from this laboratory! it was shown that the 
seeds of the silver maple are rich in organic phosphorus. The or- 
ganic phosphorus compound was isolated as a barium salt but 
when the former paper was published this substance had not been 
identified. The completion of the investigation was delayed ow- 
ing to the war and only recently were we able to resume this work. 

In the first part of the investigation some maple seed was used 
which had been powdered and extracted with ether during the 
summer of 1917. The barium salt of the organie phosphorus 
compound isolated from this material was purified and = crystal- 
lized. The product thus obtained appeared to be identical with 
tribarium inosite hexaphosphate or tribarium phytate prepara- 
tions previously deseribed.2. On analysis results were obtained 
which agreed more closely with barium inosite pentaphosphate 
than with inosite hexaphosphate. It has been claimed by Rather* 
that the principal organic phosphorus compound existing In plant 
material is inosite pentaphosphorie acid and our results in this 
case apparently confirm this view. This was the first time, how- 
ever, that we had isolated a substance having this composition. 


‘ Anderson, R. J., J. Biol. Chem., 1918, xxxiv, 509. 
2 Anderson, R. J., J. Biol. Chem., 1914, xvii, 141, 151, 165. 
3 Rather, J. B., J. Am. Chem. Soc., 1918, x1, 523. 
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A second preparation was therefore made of the barium salt 
from freshly powdered maple seed. This seed had been gathered 
at the same time as the former material. The carefully purified 
and erystallized barium salt was analyzed and its composition 
was found to agree closely with that of tribarium inosite hexa- 
phosphate. 

This difference in results could only be explained as due to par- 
tial hvdrolvsis of the inosite hexaphosphate in the powdered 
maple seed. The powdered material after being extracted with 
ether had been kept in a well stoppered bottle for about 2 vears. 
(Comparative analyses of the total and inorganic phosphorus in 
the old and the freshly powdered material tully verified the as- 
sumption that partial hydrolysis had occurred in the old pow- 
dered maple seed, although it had been stored under ideal condi- 
tions and it contained only a verv small percentage of moisture. 

Careful analyses were made to determine whether the enzyme, 
phytase, was present in maple seed. We emploved the same 
method as was used in connection with phytase in wheat bran.! 
The small increase in inorganic phosphorus which was observed 
after digestion in water or dilute acids could hardly be ascribed to 
the influence of phytase. This enzvme must therefore be present 
in very minute amounts In maple seed, 1f it is not entirely absent. 


ENPERIMENTAL,. 
First Preparation of Barium Salt, 


The dry maple seed had been powdered and extracted with 
etherin 1917. Of this material 500 gm. were digested in 1,500 ce. 
of 1 per cent hydrochloric acid. The mixture was stirred ocea- 
sionally and allowed to stand over night. It was then filtered 
through a laver of paper pulp on a Buchner funnel and washed 
with water until 2,000 ce. of extract were obtained. In order to 
bind the free hydrochloric acid 75 gm. of sodium acetate were 


added and the dissolved protein was precipitated by tanmic acid. 
After filtering through paper pulp, 40 gm. of barium chloride in 
eoncentrated solution was added. The precipitate was filtered 
and washed in water. 


4 Anderson, R. J.. J. Biol. Chem., xx. 485. 
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After suspending this precipitate in water the barium was re- 
moved by adding a slight excess of sulfuric acid. The barium 
sulfate was filtered off and the filtrate precipitated by adding a 
concentrated solution of copper acetate. The copper precipitate 
was filtered, washed free of sulfates with water, suspended in 
water, and decomposed with hydrogen sulfide. The copper sulfide 
was removed and the filtrate was concentrated to about one-half 
iis volume under reduced pressure at a temperature of from 40 
45°C. 

The resulting acid solution was precipitated with barium hy- 
droxide, filtered, and washed in water. The precipitate was cis- 
solved in very dilute hydrochloric acid and again precipitated 
with barium hydroxide. The substance was reprecipitated in this 
meuiner five tines from dilute hydrochloric acid by barium hy- 
droxide. The product was then precipitated three times from 
dilute hydrochloric acid by adding about one and one-half vol- 
umes of 95 per cent alcohol, washing free of chlorides with dilute 
alcohol after each precipitation. After the substance was pre- 
cipitated with alcohol a fourth time, it was allowed to stand in 
eontact with the mother liquor for several hours when it changed 
into the usual crystalline form of tribarium phytate. The crys- 
talline precipitate was filtered and washed free of chlorides with 
dilute aleohol. It was then dissolved in dilute hydrochloric 
acid as before and the free acid nearly neutralized by adding cau- 
tiously a dilute solution of barium hydroxide until a faint pre- 
cipitate remained which did not dissolve on shaking. The mixture 
was filtered and a concentrated solution of 20 em. of barium chlor- 
ide was added to the clear filtrate. A heavy ervstalline deposit 
of the barium salt separated slowly on the bottom of the flask. 
After standing over night this was filtered off and washed with 
water until free from chlorides. The substance was then reervs- 
tallized four times from dilute hydrochlorie acid by the addrtton 
of alcohol. It was filtered and washed free from chlorides in 30, 
50, and 95 per cent aleohol. It was then washed in ether and 
dried in vacuum over sulfurte acid. The product was a snow- 
white, bulky, ervstalline powder which weighed 3.4 gm. Its ci- 
lute nitric acid solution gave no reaction with silver nitrate or 
with ammonium molybdate showing the absence of chlorides and 
inorganic phosphate. 


THE OF BIOLOGICAL CHEMISTRY, VOL. XLII, NO. 2 
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The substance was analyzed after drying at 110° in vacuum 
over phosphorus pentoxide. 


0.3168 gm. substance gave 0.0383 gm. H.O and 0.0864 gm. COs. 
* 0.1268 “  BaSO, and 0.1156 gm. Mg.P.O;. 
Found: C, 7.48; H, 1.35; P, 16.82; Ba, 38.96 per cent. 


The substance was again recrystallized three times from dilute 
hydrochloric acid by the addition of alcohol, filtered, washed, and 
dried as before. 

After drying to constant weight as above it was analyzed. 


0.2846 gm. substance gave 0.0335 gm. H.O and 0.0735 gm. COs., 
O.IS3S *  O.1212 BasO, and 0.1103 gm. Mg.P.O;. 
Found: C, 7.04; H, 1.31; P, 16.73; Ba, 38.80 per cent. 


The product was again reerystallized in the same manner, 
washed, and dried, and the following result obtained on analysis. 


0.2527 em. substance gave 0.0306 gm. H-O and 0.0675 em. COs. 

0.1919 0.1265 BaSO, and 0.1160 em. Mg.P.O;. 

Found: C, 7.28; H, 1.35; P, 16.85; Ba, 38.79 per cent. 

As recrystallization did not alter the composition of this sub- 
stance it was undoubtedly pure. In ervstal form and properties 
it appeared to be identical with the tribarium phytate isolated 
from other plant material but the analytical results do not agree 
with the theoretical composition of this salt. The carbon is too 
high and the phosphorus is too low. In faet, the analytical data 
agree more closely with the calculated composition of a mixed 
barium salt of inosite pentaphosphoric acid as is evident from the 
figures below. 


For Bas or = 1,837. 
Caleulated: C, 7.83; H, 1.30; P, 16.57; Ba. 37.40 per cent. 


Found (1): C, 7.43; H, 1.35; P, 16.82; Ba, 38.96 “ 
(2): C, 7: BB 1241: P, 6.70: 
(3): ©, 728; 1.35; P, 16.85; Ba, 3.70 “ 


When it was found that this preparation differed in composi- 
tion from tribarium phytate by containing a higher percentage of 
earbon and less phosphorus it was thought that the organic phos- 
phorus compound might have undergone some spontaneous hy- 
drolysis. The old powdered maple seed was therefore examined 
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for total and inorganic phosphorus in comparison with a sample 
of freshly powdered material. The result showed that 18 per 
cent of the total phosphorus was present as inorganic while in the 
freshly powdered material only 12 per cent of the total was inor- 
ganic phosphorus. It is evident therefore that some hydrolysis 
of the organic phosphorus had occurred in the old powdered maple 


seed, 


Second Preparation of the Barium Salt From Freshly Powdered 
Maple Seed. 


The freshly powdered maple seed, SOO gm., was digested for 5 
hours in 3 liters of 1 per cent hydrochloric acid. The organic 
phosphoric acid was isolated as the barium salt and recrystallized 
in the manner described above. A snow-white, bulky, crystalline 
powder was finally obtained. The substance was analyzed after 
drving to constant weight at 105° in vacuum over phosphorus 
pentoxide. 


0.3210 gm. substance gave 0.0352 H-O and 0.0779 gm. CO.. 
O.1705 0.1126 BaSO, and 0.1044 gm. Mg.P.O;. 
Found: C, 6.61; Hy, 1.22; P, 17.06; Ba, 38.86 per cent. 

For Cell, = 1,066. 

Caleulated: C, 6.75; H, 1.12: P, 17.44; Ba, 38.65 per cent. 


The composition of this substance agrees closely with that of 
sinuilar salts previously isolated from cotton-seed meal, oats, corn, 
commercial phytin, and wheat bran, which we have described.’ 
The analyses of these preparations, which have been carefully 
purified and reervstallized many times, are in close agreement 
with the calculated composition of a tribarium salt of inosite 
hexaphosphorie acid. 

Judging by the analytical results obtained with these erystalline 
barium salts, the composition of phytic acid is most accurately 
represented by the formula of inosite hexaphosphoric acid, 
(yH,sQ.4Ps; and not by the formula of inosite pentaphosphoric 
acid, (sH,;O2,P; or by other formulas as stated by Rather? or by 
the formula CyHesQe7P. as stated by Posternak.® 


Anderson,? p. 190. 
® Posternak, S., Compt. rend. Acad., 1919, elxix, 37. 
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Hydrolysis of the Phytin from Maple Seed into Inosite and 
Phosphoric Acid. 


The analyzed barium salt, 1.9 gm. was hydrolyzed with dilute 
sulfurie acid at 145° in an autoclave for about 23 hours. The 
inosite was isolated in the usual way and after recrystallizing 
several times from water with the addition of alcohol 0.24 gm. of 
inosite was obtained which corresponds to 80 per cent of the theo- 
retical yield. The inosite separated in the usual needle-shaped 
crystals; it gave the reaction of Scherer and it melted at 223° 
(uncorrected). Since the substance possessed the properties and 
gave the reactions of inosite the analysis was omitted. 


Examination of Maple Seed for Phytase. 


The freshly powdered maple seed was digested in the solvents 
mentioned in Table I as follows: Samples of 12.5 and 25 gm. were 
TABLE I. 


Inorganic Phosphorus in Maple Seed. 


Inorganic phos- 


Solvent. 
phorus. 


per cent 


macerated with frequent shaking for 24 hours in 242.5 ec. of the 
solvent; 7.5 ce. of concentrated nitric acid were then added and 
the mixture was well shaken and allowed to stand for 3 hour. 
was then filtered and the inorganic phosphorus was determined in 
aliquots representing 5 and 10 gm. of the sample by precipitating 
with ammonium molybdate in the usual manner and then with 


magnesia mixture. 


magnesium pyrophosphate. 


The results shown in Table I were obtained. 


It 


After it was filtered and ignited, the residue 
was taken up in dilute hydrochloric acid and reprecipitated 
magnesium ammonium phosphate, incinerated, and weighed 


as 


as 


| 
; 
| 4 
} 
| 
q 
. 
i 
i 
vs 
+ 
~ 
a 
4 
3 
7 
i 
i 
5 
j } 
4 
aa 


R. J. Anderson AT5 


The increase in inorganic phosphate obtained on digesting the ei 
material in water or in the very dilute acid was so slight as to . 
preclude the presence of an active phytase in maple seed. a. 

SUMMARY. 

An investigation has been made of the organic phosphorus a 

compound of maple seed. 


From an old sample of powdered maple seed a crystalline ba- ag 
rium salt was obtained which corresponded to a barium salt of 
inosite pentaphosphorie acid, but from freshly powdered maple 
seed a eryvstalline barium salt corresponding to tribarium Inosite 


hexaphosphate was obtained. 
evidence is presented which shows that some spontancous hy- oe 


drolysis of the organic phosphorus compound in maple seed occurs 
when the powdered material has been stored for about 2 vears. 


te 


Freshly powdered maple seed apparently does not contain any & 
active phytase. 
The principal organic phosphorus compound of maple seed is 
identical with the inosite hexaphosphoric acid which has been a. 
isolated from other plant material. g 
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AMINO-ACIDS OF THE BLOOD AS THE PRECURSORS 
OF MILK PROTEINS.* 


By C. A. CARY. 


(From the Research Laboratories of the Dairy Division, Bureau of Animal 
Industry, United States Department of Agriculture.) 


(Received for publication, June 22, 1920.) 


The formation of milk in the mammary glands of lactating 
cows Is so rapid that a determinable reduction of the precursors 
of milk constituents in the blood which has passed through the 
glands may reasonably be expected. With this idea in mind, 
Kaufmann and Magne (1) have compared blood samples, ob- 
tained approximately simultaneously from the jugular and from 
the mammary (abdominal subcutaneous) veins of milking cows, 
and have found that the concentration of dextrose in the mammary 
blood is less than that in the jugular blood. They conclude that 
this difference is due to the utilization of dextrose by the mammary 
glands as the precursor of milk sugar. 

In analogous experiments Meigs, Blatherwick, and Cary (2) 
have found that the phosphatide content of the mammary blood 
is lower than that of the jugular, and conclude that this material 
is the precursor of milk fat and milk phosphorus. Discussions of 
this method of determining the changes effeeted in blood as it 
passes through the mammary gland by comparing blood obtained 
from the mammary veins with that of other samples of venous 
blood (e.g. that from the jugular veins) and the reliability of re- 
sults obtained in this way are to be found in the two articles to 
which reference has Just been made. 

It seems not unlikely a priori that the mammary gland may use 
the free amino-acids of the blood as the precursors of milk protein. 
Several fairly satisfactory methods of determining the amino-acid 
N of blood and blood plasma exist, and numerous determinations 
have been made with the blood of various species of animals. 


* Published with the permission of the Secretary of Agriculture. 
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478 Milk Proteins 


The amino-acid N of blood is umformly very low compared with 
the protein content of milk. The conditions are, therefore, very 
favorable in this case for the success of experiments similar to 
those of Kaufmann and Magne. I have carried out such experi- 
ments with both dry and milking cows, comparing the concen- 
tration of amino-acid N in blood and plasma obtained approxi- 
mately simulianeously from the jugular and mammary veins. 


Analytical Method. 


The amino-acid N in the amino-acid extract from the blood 
and plasma was determined by the HNO. method, using the 
smaller apparatus designed by Van Slyke (3). This amino-acid 
extract was prepared essentially according to the method recom- 
mended by Bock (4) with certain modifications. The procedure 
varied somewhat in the different experiments. That finally 
adopted was as follows: 


Duplicate samples of 50 and 80 ec. of blood, and SO and 100 ec. of plasma 
were measured out. 1 ee. of a freshly prepared 10 per cent aqueous extract 
of urease from jack bean meal! and 0.2 ec. of a 3 per cent solution of 
Nal PO, were added for each 10 ce. of sample. The mixture was allowed 
to stand about 2 te 3 hours at 30°C. to hydrolyze the urea. 

The mixture was then run slowly into five volumes of boiling dilute 
acetic acid (0.0125 ~ for the blood and 0.015 ‘ with the plasma samples), 
the original vessel was rinsed in, and the boiling with constant stirring 
eontinued for 5 minutes more. A volume of boiling water equal to about 
three times that of the sample was added, and the mixture boiled for about 
5 minutes more. It was then transferred to a volumetric flask of about 
ten times the volume of the sample and brought to volume. (A drop or 
two of amyl or canrvlic alcohol was used in the case of the blood samples to 
prevent a foam from interfering in bringing them to volume.) The mix- 
ture was then shaken vigorously for some time, the temperature taken, 
and the contents were filtered through a folded filter paper into a tlask 
containing 2 gm. of finely powdered kaolin per 100 ec. of mixture to be fil- 
tered. The filtrate was pressed out of the residue on the paper as com- 
pletely as convenient. It was then shaken up several times with the 
kaolin and, after standing for some time, was filtered through a No. 42 
Whatman filter paper and then refiltered through a No. 44 Whatman 
paper. The filtrate thus obtained was perfectly clear and colorless. The 
temperature was taken and as large an aliquot as possible taken out. 


' One part of finely powdered jack bean meal and ten parts of water 
were shaken together several times during an hour, centrifuged, and the 
supernatant liquid was pipetted off and used. 
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This aliquot was concentrated rapidly to about 10 cc. by boiling in a 
Wieldahl flask through which a stream of air was passing. Only a slight 
amount of whitish sediment appeared. The concentrated solution with 
the sediment was transferred to a 50 ce. volumetric flask, 5 ce. of an 
aqueous solution of trichloroaceticeacid? were added, and the whole was 
brought to volume. It was then poured upon 2 gm. of kaolin, shaken 
several times during an hour, centrifuged, and filtered through a No. 44 
Whatman paper. The filtrate was perfectly clear. A 45 ec. aliquot was 
taken out. 

This second aliquot was heated in a flask in a pan of boiling water for 3 
hours. bither a long necked flask or a rubber stopper with a piece of glass 
tubing as a reflux was used to prevent concentration of the solution. 
After thus decomposing the trichloroacetic acid, the solution was trans- 
ferred to an aerating cylinder. 4 ce. of a 10 per cent suspension of cal- 
cium ‘hydroxide, a drop or two of a 0.5 per cent aqueous suspension of 
phenolphthalein, and about four drops of capryliec aleohol were added. 
The aeration was continued for about 3 hours. The mixture was then 
filtered into a small beaker, the eylinders and paper were washed with 
ammonia-free water, the filtrate and washings together neutralized with 
50 per cent acetic acid, and an excess of two or three drops of this acid 
added. 

The solution was then concentrated on an electric hot plate at just below 
the boiling point, and finally brought to 10 or 15 ec. in a volumetric flask. 
This was generally refiltered before running on the amino-acid apparatus. 


In determining the amino-acid N on the Van Slyke apparatus 
with the extracts prepared as above, the evolution of N was never 
complete in the time allowed for the deamination of the a-amino 
N, which was 5 minutes at 25°C. In several different analyses 
of the same amino-acid extract, in which deamination times of 5, 
10, and 15 minutes were allowed, it was found that the evolution 
of N (corrected for reagents) during the third 5 minutes was prac- 
tically the same as that during the second 5 minutes. Hence it 
was assumed that this slowly evolved N came off at practically 
the same rate during the first 5 minutes, and a correction for it 
was accordingly made in all the analyses of extracts prepared as 
above deseribed. Several determinations were made on each 
exiract, allowing the shorter deamination time (sufficient for the 
reaction of the ea-amino N to go to completion, and for about 95 


> 100 ee. of solution contained 50 gm. of trichloroacetic acid. The pro- 
tein would thus be preeipitated in a5 per cent concentration of trichloro- 
acetic acid. Ina private communication Dr. Bock recommends this con- 
centration instead of that in his article (4). 


ao 
* 
‘wt 
- 
q 
4 
ay 
aus 
bad 
oe 
> 
# 
z 
i, 

2 
he 


480 Milk Proteins 


per cent of the «amino group of lysine to come off), and several 
allowing a deamination time twice aslong. For the slowly evolved 
N correction was made essentially as suggested by Van Slyke and 
Meyer (5), by subtracting the average (corrected for reagents) 
of the shorter runs from that of the longer and subtracting this 
difference from the former. 

During the determination on the amino-acid apparatus with 
all the samples to be compared the temperature was kept constant. 
The samples for analysis were measured into the apparatus with 
a 2 ee. Ostwald pipette; and the various determinations of the 
jugular and mammary samples to be compared were run alter- 
nately on the machine, so as to keep the conditions as nearly 
comparable as possible. ; 

Throughout the whole procedure a jugular sample and a corre- 
sponding mammary sample of the same size were run as a pair 
under as nearly the same conditions as possible. 

The amino N was determined in the urease extract used in each 
experiment by the same method as above, and correction was 
made for it accordingly. 

Each datum, therefore, with each of the duplicate samples of 
blood or plasma given in Table Il of this article, is the average 
of several determinations on the amino-acid apparatus corrected 
for (1) the reagents used, (2) any slowly evolved N, and (3) the 
amino N of the urease used.* 


EXPERIMENTAL. 


My results are summarized in Table I. More detailed data 
are given In Table II and its accompanying note. 


* The figures for amino-acid N that I have obtained from the blood and 
plasma of cows are considerably lower than those of Bock (6) and Okada 
(7) from beef animals, although they used an analytical procedure essen- 
tially the same as that which I have followed, but they do not state what 
corrections enter into the calculation of their results or whether they cor- 
rected for the amino-acid N of the soy bean meal that they used. 
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TABLE I. 
Average Amino-Acid N in Blood and Plasma, 


481 


and Difference in Plasma 


Samples. 
Average amino-acid N per 100 cc. | Diterence in plasma | 
| | samples. 
| Milk yield 
Blood. | Plasma. daily. 
Mam- 
| Jugular. mary. | Jugular. mary. | | 
1919 my. | mg. | mg. | mg mg percent | liters 
| 
I | | 
51 | 2.69 178 | 0.91 33.8 | 12.77 
Sept. 19 | | | | 
| | | | 
| 
51 | 3.3] 234 | 0.97 20.3 {| 12.55 
‘ i 
Sept. 26 | 
| | | 
' 
G4 440 | 4.92 | 2.40 | 1.02 | O87 | 229 | 8.70 
Oet. 15 | | | 
| | | 
F | | | 
th | | | | 
3.83 | 2.38 1.99 0.39 | 16.4 9 SS 
Nov. 28 | | | 
| 
4.19 Ol 4 69 
Dee. 
VI | | 
Dee. lo | 
| | | 
| | | 
1920 | | 
Vil | | | 
db 3.99 3.92 | 2.14 | 2.20 Dry. 
Feb. 2 | | | | 
VIII | | | | 
63 | 2.40 2.51 | | 
Feb. 17 | | | | 
IX | | 
227 5.34 od 3.02 | 2.35 0.67 22.2 + 2.34 
Mar. 2 
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TABLE II. 
Data from Experiments on Both Dry and Milking Cows. 


Amino N per 100 ce. 


Corpuscle : 
volume. 
Blood. Plasma. 
Crude 
No. | Milk yield PO, 
Jate. > | 288 | 
Dat age | sam’ | diet. 
| gee | ssé 
S128! wes | gee | See | Gee 
‘ | per | per | 
1919 my my | my | liters gm. 
cent | cent j 
ase | 
I a. 2.66 | a. 1.67 | 
b. 2.72 | b. 1.89 | | 188.1] 
Sept. 19 c. 2.69 ¢. 1.78 


1] | a. 3.47 | a. 2.38 | 
51 32.1 30.3 b.3.15/b.2.31| 12:55 | 18 
Sept.26 3.31 | ¢. 2.34 | 


| 
Ill | | a. 2.30 | 0.1.78 | 


36 a. 4.49 | a. 4.32 | b.2.68/b.2.07; 8.70 162.8 
Oct. 15 | | | i ec. 2.49 | c. 1.92 | 

IV |a.3.99| 0.3.85 | a. 2.42 | a. 2.10 | 

5] 31.6 31.6 b. 4.03 | b.3.81 | b. 2.34 | b. 1.89 | 9 SS 164 7 
Nov. 28 4.01 | ¢. 3.83 | 2.38 | ¢. 1.99 


*In Experiments I to VI inclusive, the urea and ammonia were not re- 
moved and the samples for duplicate analyses on the amino-acid apparatus 
were measured in from the burette on the side of the apparatus. In 
k:xperiments I to IV inclusive, with the exception of the plasma samples 
of Experiment IV, the filtrate from the heat-acetie acid coagulation was 
not shaken with kaolin. 

In Experiments I to IIT inclusive, the deamination times were 4 and S 
minutes at temperatures of 21-25°C. In Experiments IV and V the de- 
amination times were 5} and S} minutes with temperatures from 18.5-24°C., 
In E:xperiment VI, the deamination times were 4 and 8 minutes at 27- 
2s°C., and in Experiments VII to IX, inclusive, the times were 5 and 10 
minutes at temperatures from 25-27°C. In Experiments I to VI inclusive 
the several analyses on the amino-acid apparatus of each blood or plasma 
duplicate were run off consecutively instead of alternating with the 
sumple to be compared with it, as deseribed above. 
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TABLE I —Continued. 


| Amino N per 100 ce. 
volume. 
Blood. Plasma 
. 
sow | & se & cet 
= sean | es 
| 
979 per per wre ifers 
ny. me ma. liter gM. 


| 
51 | | a.4.19 a.3 91) | 969 | 164.7 
Dee. 8 | | | | | | 


VI | oye | a. 2.47 | 
51 32.3 31.4, | 2.48 | 
Dec. 15 | | | |e. 2.47 


Qa & 
— 
> QO 
© 
© 


1920 | | | | | | | 


Vil | | | a. 2.18 | a. 2.16 Dry since | 
56 30.8 30.4 2.3.99 a.3.92) b.2.10 b.2.25 127.0 
ce. 2.14; ¢.2.20; 1918. 


VIII | | 9.2.44) 0.2.52) Dry since 
65 35.2 '33.9 : | b.2.37}b.2.51} July 12, |; 82.6 
Feb.17 | | | 1919. 


to bo 


IX | a. 5.89} a. 4.65 | a. 3.04 | a. 2.3: 
297 33.0 30.7 b.5.30 b.4.51) b.3.00 b.2 


| 
Mar. 2 ec. 5.34 | c. 4.58 | e. 3.02 | e. 2.33 


Details of Experiments. 


Table IT gives the details and data obtained in the experiments 
that I have tried with both dry and milking cows. The milk 
vield is the average of 3 days, including one before and one after 
the day on which the samples of blood were taken. All the cows 
were given their morning feed at the customary time, between 4 
and 5 a.m. The samples of blood were generally taken between 
8.30 and 9.15 a.m. The sample from the mammary vein was 
always taken first. 

The area over the vein was bathed with a 5 per cent solution of 
phenol, sometimes some of the hair was clipped away, and then a 
trocar and cannula were inserted into the vein. Generally the cow 
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was not disturbed more than about 2 minutes before the flow of 
blood{was secured. About 1 to 3 minutes were required to collect 
the mammary sample. About 2 minutes intervened before the 
How of jugular blood was obtained and 1 to 25 minutes were re- 
quired to collect this sample. The samples varied from 200 to 
650 cc. There was no relation between the size of sample and the 
data obtained. The samples were collected in bottles containing 
0.1 gm. of dry sodium oxalate per 100 ce. of blood to be taken. 

The plasma was obtained immediately by centrifuging the blood 
for 20 minutes at 3,600 revolutions per minute. The corpuscle 
volume was noted on a graduated centrifuge tube. 

The analytical procedure was that deseribed above except as 
indicated in the footnote to Table II. 

Table IT ineludes all the data that I have obtained except: (1) 
the first two experiments that | made, in which the analytical 
methods subsequently used were not fully worked out; (2) one 
subsequent experiment in which my procedure was varied and in 
which the duplicates did not agree at all; and (3) the blood deter- 
minations of Experiment VI, which were made by several differ- 
ent methods that did not give concordant results. The duplicate 
blood determinations in Experiments III, V, and VII were lost. 

I was unable to note any relation between the apparent disturb- 
ance of the cows and the variations in the amino-acid N of the 
blood and henee have omitted the details bearing upon this 
point. 


DISCUSSION, 


In the six experiments with milking cows, the amino-acid N of 
the mammary plasma is decidedly lower than that of the jugular, 
the differences varving from 0.39 to 0.97 mg. per 100 ec. of plasma 
in the different experiments. In the four experiments with milk- 
ing cows in which the amino-acid N of the whole blood was de- 
termined it is lower in the mammary than in the jugular blood, 
although the differences are sometimes small. In the experi- 
ments with dry cows, the jugular and mammary samples of both 
blood and plasma are practically identical. 

In Table III the maximum absolute difference between the du- 
plicates is compared with the difference between the jugular and 
mammary averages in the case of the plasma determinations in 
each experiment. 
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In all the experiments on milking cows the differences in the 
amino-acid content of the jugular and mammary samples of plasma 
are greater than the maximum differences between the duplicates. 
The results, as a whole, furnish conclusive evidence for the view 
that the mammary plasma of milking cows contains decidedly 
less amino-acid N than the jugular plasma. 

The differences between the amino-acid N contents of the 
jugular and mammary samples of blood in my experiments were 
generally less, not only relatively but absolutely, than the corre- 
sponding differencesinthe samples of plasma. The greater plasma 

TABLE II, 


Maximum Absolute Difference between Duplicates Compared with Difference 
between Juqular and Mammary Plasma Averages. 


Difference between 
jugular and mammary 


Experiment | Maximum difference in plasma plasma averages. | Milk yield 
duplicates. | daily. 
Mammary Mammary 
less. | greater. | 
| mi. | mi. | liters 
¥ plasma determinations. | 
Vi | OF | 0.60 9 
0.09 | 0.06 000 
| 0.07 | 0.11 0.00 
IX O07 25.14 


differences probably mean that the amino-acids of the blood cor- 
puscles take no part in the interchange which goes on between 
the blood and the mammary gland and that there has been no 
migration of amino-acids from the corpuscles to the plasma of 
the samples of blood between the time that they were collected 
and the time that they were centrifuged. In view of these cir- 
cumstances, I shall consider only the amino-acids of the plasma 
in attempting to compare the reduction of the concentration of 
these compounds in the mammary samples with the amount of 
protein secreted by the mammary gland in a given time. 

There have been no definite determinations of the flow of blood 
through the mammary gland. It has been roughly estimated by 
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Meigs, Blatherwick, and Cary (2) from the data of Kaufmann 
and Magne (1) that with a cow giving 10 liters of milk daily 
about 3.5 liters of blood pass through the mammary glands per 
minute. The largest difference in amino-acid N that I have 
determined between the jugular and mammary plasma was nearly 
I mg. per 100 ec. in Experiment I] with No. 51.) She was giving 
12.55 liters of milk daily. The corpuscle volume of the jugular 
blood was about 32 per cent. If it is assumed that the blood flow 
through her gland was at the rate of 3.5 liters per minute. this 
would mean that the flow of plasma amounted to about two- 
thirds of this figure, or 2.3 liters per minute. 

If milk secretion goes on continuously throughout the 24 hours, 
as suggested by Meigs, Blatherwick, and Cary (2), about 33 gm. 
of a-amino-acid N, according to the result in this experiment, 
would be abstracted daily by the mammary gland from the plasma 
of the blood perfusing it. The a-amino N of the milk proteins is 
about 70 per cent of their total N. Hence the amino N thus taken 
up from the plasma of the blood daily would be equivalent, in 
this experiment, to about 300 g@m. of milk protein or a protein 
content of the milk of 2.4 per cent. This estimate is very rough. 
It indicates, however, that the differences are roughly of approxi- 
mately sufficient magnitude to account for the secretion of milk 
protein, 

An interesting feature of the work which remains to be dis- 
cussed is the result obtained in Experiment IX. The subject of 
this experiment was giving about 25 liters of milk dailv——from two 
to two and a half times that given by the other milking cows. 
But in spite of this, the absolute decrease in the amino-acid N of 
the mammary plasma was practically the same as the average ab- 
solute decrease for the other milking cows. This result may be 
interpreted to mean that as a general rule the flow ot blood 

through the mammary gland is proportional to the milk yield. 
There is a good deal of evidence to support this view (2). 


The COz Capacity of Jugular and Mammary Plasma. 


Dr. N. R. Blatherwick has determined the CQ, capacity of 
the jugular and mammary plasma in some of the experiments 
reported above. With his permission, | am including these data 
in Table LV. 
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As far as the above data go, it would seem that the following 
observations are justified. 

1. The COs, capacity of the plasma of the blood from the inac- 
tive mammary gland is somewhat greater than that of the plasma 
from the jugular blood. 

2. The difference in CO, capacity as between the jugular and 
mammary plasma of milking cows is relatively greater than that 
in the case of the non-lactating cow. 


TABLE IV. 


CO, Capacity of Jugular and Mammary Plasma, 


Experiment No. CO; capacity in volumes. | 
Cow No. atid | Milk yield daily. 
Date. Jugular. Mammary. | 
1919 | per cent per cent | liters 
| | 
| 64.5 | 69.2 | 


Oct. 15 
| | 
51 65.5 | 70.2 88 
Nov. 28 | 
1920 | | 
VIII | | | 
63 59.5 | 61.4 0.00 
Feb. 17 | | 


IX | 
yy” 69 1 de 0 | 25 14 


Mar. 2 | 


3. If we compare the differences in CO, capacity obtained from 
Nos. 51 and 64 with that from No. 227, there are two possibilities: 
The COs, capacity of the arterial blood was already high in the 
‘case Of No. 227 as indicated by the COs, capacity of the jugular 
plasma, and it may be that the increase in CO, content of the 
blood passing through the mammary gland did not therefore effect 
relatively so great a change in COs capacity; or, second, it may be 
that the metabolism indicated by this increased CO, capacity in 
the mammary plasma is not proportional to the milk yield and 
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therefore in the high producing cow is less relative to the flow of 
blood through the gland. 
A cateulation of the COs output of the mammary gland from 


f ! the data at hand would involve several more or less unsupported 
asstunptions and hence would not be very reliable. 
SUMMARY. 
| 1. The amino-acid N of the blood and blood plasma obtained 
. from the mammary vein in non-lactating cows is practically the 
; same as that obtained from the jugular vein. 
| 2. The amino-acid N of blood and blood plasma obtained from 
i the mammary vein in milking cows is decidedly lower than that 
obtained from the jugular. The mammary plasma has been 
| found to contain from 16 to 34 per cent less amino-acid N than 
Ry the jugular plasma. 
e | 3. The amino-acids thus picked up by the mammary gland from 
a the plasma of the blood perfusing it are sufficient to account for 
a the proteins of the milk and are undoubtedly the precursors of 
these milk constituents. 
a 4. Data are presented on the CO, capacity of the plasma of 
of blood from the jugular and mammary veins of milking and dry 
COWS. 
as In conclusion, I desire to express my sincere appreciation of the 


| suggestions and kindly interest in the work of Dr. kK. B. Meigs 
q and Dr. N. R. Blatherwick, of this laboratory, and Mr. T. E. 
4 Woodward, Superintendent of the Dairy Division Farm at Belts- 
: ville, Md., where this work was conducted. 
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STUDIES ON CARBOHYDRATE METABOLISM IN 
RABBITS. 


I. OBSERVATIONS ON THE LIMITS OF ASSIMILABILITY OF 
VARIOUS CARBOHYDRATES.* 


By LAFAYETTE B. MENDEL ann MARTHA R. JONES.+ 


(From the Sheffield Laboratory of Physiological Chemistry, Yale Universitu, 
New Haven.) 


(Received for publication, June 23, 1920.) 


In the advertising literature of a well known proprietary food 
for infants and invalids, the statement is made that this product, 
which is said to be a mixture of dextrin and maltose prepared by 
the action of malt diastase on the starch of cereals, is ‘100 per 
cent more assimilable than either milk or cane sugar.’”’ Upon 
investigation it was found that this statement was based on a 
paper by Lovett, Morse, and Talbot,'! who quoted the limits of 
assimilation of the different sugars recorded by various investi- 
gators as follows: 


“Grape Sugar: In babies, about 5 grams per kilo (Langstein and Meyer). 
Grape Sugar: In one-month baby, 8.6 grams per kilo (Greenfield). 
Galactose: No accurate data, 

Levulose: Lower for babies than adults. One gram per kilo (Keller). 
Maltose: Over 7.7 grams per kilo (Reuss). 

Lactose: 3.1-3.6 grams per kilo (Grosz). 

Cane Sugar: About the same as lactose (Reuss).”’ 


* The data in this paper were taken from the dissertation presented by 
Martha R. Jones for the degree of Doctor of Philosophy, Yale University, 
1920. Part of the expense of the investigation was defrayed by a grant 
from the Russell H. Chittenden Research Fund for Physiological Chem- 
istry. 

+ Research Fellow (1919-20) of the Boston Branch of the Association of 
Collegiate Alumne. 

‘ Lovett, R. W., Morse, J. L., and Talbot, F. B., Boston Med. and Surg. 
J., 1911, elxiv, 852. 
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492. Carbohydrate Metabolism in Rabbits. I 


A perusal of the scanty literature on the subject of alimentary 
sugar tolerance showed that the figures quoted had been obtained 
from a comparatively few isolated experiments which had been 
performed by various investigators using different methods and 
under totally different conditions. Since data of this sort are 
in no way comparable, more evidence seemed necessary before 
definite conclusions could be drawn in regard to the relative 
assimilabilitv of sugars. In view of the very extensive use of 
carbohydrates of various kinds in dietaries of infants, and the 
4 uncertainty of the medical profession in regard to their relative 
= ! values, the present investigation was planned to study the ques- 
| | tion under conditions involving as few variables as possible. 

i In clinical practice sugar tolerance is considered to be the largest 
ei number of grams of glucose which can be ingested at one time 
ae without causing glycosuria. The alimentary method of deter- 
Be | mining tolerance obviously has its limitations, since the entry 
a of the sugar into the blood depends not only upon the motor 
power of the stomach and intestines, but also on the rate of ab- 
a sorption which varies with a wide range of conditions. Real 
4 tolerance, as Woodvatt, Sansum, and Wilder? remind us, depends 
upon the rate at which the tissues are able to abstract glucose 
from the blood and utilize it. Sugar introduced directly into 
the circulation does not have to undergo absorption, hence the 
rate of injection can be so regulated that it is Just equal to the 
| rate at which the blood and tissues will bind and hold the sugar 
g without an overflow through the kidneys. From this standpoint, 
A | glucose tolerance signifies the largest number of grams per kilo 
A of body weight per hour which can be injected into a vein without 
et ‘ausing glycosuria. Since the sugars in which we are primarily 
| interested are constituents of foods, it seemed that the oral method 
of studying tolerance was preferable for our purposes, and hence 
this method was selected. 


ee Feeding and Analytical Technique. 


ae Rabbits were used: seven females and ninety-six males. They 
a were divided into groups and kept in large pens. Free aecess 
to corn, oats, and water was had at all times, and fresh cab- 


> Woodvatt, R. T., Sansum, W. D., and Wilder, R. M., J. Am. Med. 
Assn., 1915, Ixv, 2067. 
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bage, in limited quantities, was fed daily. This diet was always 
relished and was sufficiently well balanced to keep the animals in 
good nutritive condition over a long period of time. One rabbit 
was kept during the entire experimental period of 9 months and 
within that time received forty doses of sugar without showing ill 
effects. 

The rabbits were usually taken from the pens on the afternoon 
before they were to be used, and placed in metabolism cages in 
which there was an abundance of oats and water. The next 
morning each animal was weighed and the normal urine collected 
by compressing the abdominal wall over the bladder. The urme 
was tested qualitatively for reducing substances with Benedict's 
reagent, and if the reaction was negative the rabbit was fastened 
on the animal board and the sugar solution administered by 
means of a stomach sound. Great care was exercised to excite 
the animals as little as possible, and with very few exceptions 
thev neither offered resistance nor exhibited fear. 

Sugar solutions were made up to a volume of 50 ee. except in 
a few cases where the concentration was so great that the liquid 
eould not run through the tube. In such cases the volume was 
increased to as much as 65 ce. After the administration of the 
sugar the rabbits were returned to their cages where they had 
free access to oats, cabbage, and water. Since cabbage contains 
some sugar, this probably introduced a source of error, but the 
amount eaten after the ingestion of the carbohydrate solution 
was usually quite small, and hence the error was negligible. After 
an interval of 33 hours the urine was again collected and tested 
qualitatively with Benedict’s reagent. Since we were not con- 
cerned with mere traces of reducing substances, all tests which 
were not definitely positive were recorded as negative. As used 
in these experiments. Benedict’s reagent showed a positive 
reduction when glucose was present in a concentration of 0.08 
per cent. Early in the investigation the animals were always 
kept in their metabolism cages for 24 hours after the ingestion 
of the carbohydrate solution and the total urine voided during 
this time was tested, but it was invariably found that if sugar 
appeared at all the greater portion was excreted during the first 
33 hours; henee, this procedure was discontinued.  Trequent 
confirmatory osazone and fermentation tests were made. If the 
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test was negative, the dosage of sugar was increased 1 to 3 gm. 
per kilo until sugar appeared in the urine. The smallest amount 
of carbohydrate which resulted in glycosuria was recorded as the 
assimilation limit. In sucrose experiments and frequently after 
the ingestion of maltose and dextrin the urine was made acid 
(1 per cent) with HCI, hydrolyzed for 30 minutes in a boiling water 
bath, cooled, neutralized, and tested again for sugar. Doses 
were repeated at intervals of 48 hours until each animal had 
received three. During this time the rabbit was kept in its metab- 
olism cage and at the end of the period was returned to the 
large pen where it remained for a week or more. In order to 
determine whether repeated doses of sugar had any effeet upon 
tolerance, some of the animals were divided into groups and the 
order of administration varied. 


Karly in the investigation sucrose solutions were given and much difh- 
culty was experienced in obtaining consistent results. It was noticed that 
unfiltered normal urine would often reduce Benedict's solution while the 
filtered urine would not. All urine was then filtered through ordinary 
filter paper. Frequently the first few drops of the filtrate were tested and 
these sometimes would reduce Benedict’s solution while the mixed filtrate 
before and after inversion would not. Upon investigation it was found 
that after repeated doses of sucrose, an enzyme was excreted in the urine 
which acted upon the starch in the filter paper and produced sufficient 
sugar to cause a reduction of Benedict’s solution. Following this dis- 
covery the urines were heated on a water bath for 2 or 3 minutes before 
filtering and the procedure continued as before. No discrepancies were 
observed after this precaution. In making so large a number of re- 
duction tests with Benedict's solution, more uniform results were obtained 
by heating the tubes in boiling water for 6 minutes than by boiling each 
separately over a free flame; hence, this method was adopted. 


Feeding Experiments with Carbohydrates. 


Sucrose.—The limit of assimilability of sucrose was determined 
in twenty-two animals, the doses which just produced glycosuria 
ranging from 4 to 9 gm. per kilo. Thirteen of these animals had 
a marked increase in reducing sugar in the urine after inversion, 
indicating the presence of sucrose. Two rabbits which excreted 
reducing sugar after the ingestion of 6 and 7 gm. per kilo of 
sucrose, respectively, excreted sucrose, as such, when the dosage 
was increased 1 gm. per kilo each. To another rabbit in which 
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the assimilation limit was 9 gm. per kilo, sucrose appearing in the 
urine, a dose of 10.5 gm. per kilo was administered, the appa- 
ratus being so adjusted that the animal received 1 ce. of 
solution or 0.23 gm. per kilo of sugar per minute. Now the 
urine test was positive, but only reducing sugar was present. 
Kight of the fifty-eight animals receiving sucrose developed diar- 
rhea, but in seven of these cases the dose exceeded the assimila- 
tion limit. Six of the eight cases of diarrhea were accompanied 
by sucrosuria. One animal had diarrhea after the ingestion of a 
dose smaller than the assimilation limit, but at a later time a 
much larger dose did not result in intestinal disturbances. No 
effort was made in any of these cases to determine the presence 
of sugar in the feces. 
TABLE 1. 


Limits of assimilability per kilo. 


Sucrose. Inverted sucrose. 
| gm. | gm. 
4 5 5 
19 | 8 | 
21 | 5 | 7 (Diarrhea. ) 
22 | 8 (Diarrhea.) | 8 — 
24 | 8 ! S + 
51 | Ss — 8 (Diarrhea.) 
52 S + 
OO 7 9 
66 5 
OS 9 
71 6 7 
7: 6 7 
75 6 7 
wi 


Plus and minus signs, wherever used, indicate that the limit of assimi- 
lability was not determined but was greater or less, respectively, than the 
figure given. 


Inverted Sucrose.—Sucrose solutions were made up to a volume 
of 50 ec., made acid (1 per cent) with HCl, and heated on a boiling 
water bath for 30 minutes. They were then cooled, neutralized 
with NaOH, made up to a volume of 50 ce. with distilled water, 
and administered as previously described. The limits of assimi- 
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labilitv of the invert sugar ranged from 5 to 9 gm. per kilo in 
eleven animals. 

Table I shows the limits of assimilability of sucrose and inverted 
sucrose in the same animals. 

In only one case, Rabbit 22, was the assimilability of the 
inverted sucrose less than that of sucrose. In fact, with the 
exception of Rabbit 22 in which the limit of assimilability of 
inverted sucrose was not determined, the average tolerance for. 
inverted sucrose in the animals given above was more than 7.6 
gm. per kilo, while the same animals had a tolerance of less than 
6.5 gm. for sucrose. Three rabbits (Nos. 4, 19, 68) showed the 
same tolerance for inverted sucrose as for sucrose, while the 
remaining ten exhibited a greater tolerance for the inverted sugar. 
Two of the animals which had the same tolerance for sucrose as 
for inverted sucrose, had only reducing sugar in the urine after 
the ingestion of sucrose. Evidently, in these cases, the sugar 
was inverted in the intestines before absorption. Three rabbits 
which had a greater tolerance for inverted sucrose than for 
sucrose had sucrosuria. It would seem from these experiments 

that sucrose may be quite as rapidly absorbed as the mono- 
saccharides, and since the rabbit has no sucrase in its normal 
serum the tissues are unable to utilize it and it is excreted by the 
kidneys. 

Levulose.—The limit of assimilabilitv of levulose was deter- 
mined in nine animals, the doses ranging from 3 to 10 gm. per kilo. 
Rabbit 24 received 14 gm. per kilo without sugar appearing in 
the urine. Diarrhea occurred only once after levulose ingestion, 
the animal receiving 9 gm. per kilo, but no sugar appeared in the 
urine. 

Table IL shows the relative assimilability of sucrose and levulose 
in the same animals. 

Seven of the nine rabbits showed a tolerance for levulose equal 
to or greater than that for sucrose, while two had a slightly greater 
tolerance for sucrose. 

(rlucose.—In fourteen rabbits the limits of assimilability of 
glucose ranged from 10 to 16 gm. per kilo. Six of the eighteen 
animals which received glucose developed diarrhea, but in three 
of these eases the assimilation limit was exceeded. In one case 


a dose of 10 gm. per kilo resulted in diarrhea without sugar 
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appearing in the urine. A few days later this animal received 
«1 dose of 12 gm. per kilo. Sugar appeared in the urine but the 
feces were normal. Three animals had glucosuria without 
diarrhea after the ingestion of 16 gm. per kilo. 

Table IIT gives the comparison of glucose tolerance with that 
of sucrose and levulose in the same animals. 


TABLE IL. 
Limits of assimilability per kilo. 
Sucrose, Lev ulose 
(jm. gm. 

4 5 | 3 
19 | 8 | S 
21 5 | 9 
22 | 8 10 
23 | 4— | 7+ 
24 Ss | 14+ 
40 | 5 | _ 
49 | — 9+ 
D2 6 10 


TABLE 
Limits of assimilability per kilo 
Animal No. 


Sucrose. | Glucose. Levulose. 
qm. | gm. | gm. 
4 5 | 14 3 
19 | 
21 5 12 (Diarrhea.) 
23 i- | 12 7 
24 14 (Diarrhea.) 14 + 
40 5 12+ | 5 
70 7 2 : (?) 


An examination of Table I1I shows that glucose tolerance was 
invariably higher than that of sucrose, and with one exception 
(Rabbit 24) was higher than that of levulose. 

Lactose.—Your rabbits received doses of lactose ranging from 
6.4 to 9 gm. per kilo without the appearance of sugar in the urine 
or diarrhea. Since it was found impossible to keep this quantity 
of sugar in solution in a volume of 50 ec., we decided to discon- 
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tinue the test rather than introduce another variable into our 
experiments. 

Maltose.—The limit of assimilability of maltose was determined 
in six animals. ‘lwo showed glycosuria after the ingestion of 10 
and 14 gm. per kilo respectively, although the average tolerance 
of the remaining four was 19.5 gm. Doses ranging from 16 to 20 
gm. per kilo were fed to seven rabbits without sugar in the urine 
or diarrhea resulting. 

Dextrin.—Nineteen rabbits received doses of dextrin ranging 
from 15 to 20 gm. per kilo without exhibiting glycosuria, while 
the limit of assimilability was determined in only four. Rabbit 
15 had a dextrin tolerance of 5.5 gm. per kilo. This animal 
exhibited relatively low tolerance for all carbohydrates and was 
the only one in which the limit of assimilability of dextrin was 
as low as that of sucrose. The average tolerance of the remain- 
ing three rabbits was 16.1 gm. per kilo. Occasionally the urine 
collected after the ingestion of dextrin was hydrolyzed and tested 
for sugar, but at no time was there an appreciable increase in 
reduction. 

Dextri-Maltose—The limits of assimilability of the carbo- 
hydrates ordinarily used in infant feeding having been deter- 
mined, it seemed desirable to study the effect of various mix- 
tures upon tolerance. Two commercial products, dextri-maltose 
(Mead’s) and malt sugar (Borcherdt’s), were selected. Dextri- 
maltose is reported*® to contain 52.0 per cent maltose, 41.7 per 
cent dextrin, 2.0 per cent sodium chloride, and 4.3 per cent 
moisture, and is used as a food for infants and invalids. This 
preparation was fed to thirty-nine rabbits, twenty-one of which 
had an average tolerance of 14.5 gm. per kilo, while in eighteen 
the limit was not determined. Two animals received doses of 21 
gm. per kilo without the appearance of sugar in the urine. 
Several tolerated as much as 18 gm. per kilo without glycosuria, 
while the limit of assimilability in one was only 6 gm. per kilo 
and in two others, less than 9. Rabbit 2 received a dose of 13 
gm. per kilo, and 45 minutes later a second dose, 14 gm. per 
kilo, was administered. Neither the urine collected immediately 
before nor 33 hours after the ingestion of the second dose con- 


3 New and Non-official Remedies, 1919. 
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tained sugar. Several weeks later, this animal tolerated 22 gm. 
per kilo of this preparation without exhibiting glycosuria. 

Malt Sugar.—Borcherdt’s malt sugar which is also a food for 
invalids and infants is reported* to contain 87.0 per cent maltose, 
4.35 per cent dextrin, 1.9 per cent inorganic salts, and 4.4 per 
cent protein. This product was used with the view of ascertaining 
whether different proportions of dextrin and maltose would have 
any effect upon the assimilability of the mixture. Twenty-seven 
animals received doses of this preparation. In eleven rabbits the 


TABLE IV. 


Limits of assimilability per kilo. 


Dextri-maltose. Malt sugar. 

ym. qm 
4 13.0 16.0 
7 | 9.5 12.5 
9 | 11.5 16.0 
10 | 19.0 20.0 + 
12 | 11.0 15.5 + 
14 | 9.0 13.5 
15 | 6.0 8.0 
16 | 9.5 12.0 
IS 11.0 | 11.0 + 
19 12.0 | 18.0 
21 9.0 — | 16.0 
23 | 13.0 | 15.0 
34 18.0 — | 18.0 + 
38 18.0 | 18.0 + 


| 19.0 


tolerance ranged from 8 to 19 gm. per kilo, although in twelve 
other animals doses ranging from 15 to 20 gm. per kilo did not 
result in glycosuria. 

Table IV shows the relative assimilability of the two prepara- 
tions in the same animals. 

An examination of Table IV shows that all fifteen of the 
animals which received doses of the two commercial preparations 
had a greater tolerance for malt sugar than for dextri-maltose. 
Rabbit 19 assimilated 6 gm. per kilo more of malt sugar than of 
dextri-maltose, no diarrhea resulting in either case, while Rabbit 
21 tolerated at least twice as much of the former as of the latter. 
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Numerous investigators have shown that the addition of meat 
to sugar Increases the tolerance for the latter, and the presence 
of protein in malt sugar might account for its greater assimil- 
ability. Five cases of diarrhea without glycosuria occurred after 
the ingestion of malt sugar, the doses ranging from 18 to 19 gm. 
per kilo. Six eases of diarrhea resulted afier the ingestion of 
dextri-maltose, the doses ranging from 11 to 20 gm. per kilo. 
With one exception, no sugar appeared in the urine. Rabbit 35 
had three doses, 15, 18, and 20 gm. per kilo, respectively, of 
dextri-maltose, all of which resulted in diarrhea, but sugar ap- 
peared in the urine only after the ingestion of 20 gm. per kilo. 
Irom these experiments, 1t would seem that the rate of absorption 
of the two preparations Is relatively slow. 

Maltose + Dexrtrin.—The next step in the investigation was 
the determination of the tolerance for known mixtures of carbo- 


TABLE V. 


Limits of assimilability per kilo. 
Animal No 


— — 


Maltose. Dextrin. 


Dextri-maltose. Maltose + dextrin. 
gm. gm. gm. qm. 
4 17.5 + 16.0 + 13.0 | 14.0 
9 20.0 — 11.5 + 11.5 | 
10 19.0 19.0 
12 21.0 8.0 + 11.0 
15 10.0 5.5 6.0 
19 18.0 + 12.0 
21 18.0 90-— | 
23 18.0 13.0 | 13.0 
34 20.0 + 17.5 + 1I8.0-— | 
35 20.0 + 18.0 + 20.0 | 
65 16.0 + | 16.0 
16.0 + 


hydrates. The limits of assimilability of dextrin and maltose 
mixed in the proportion of 1:1 ranged from 13 to 16 gm. per kilo 
in four animals, the average tolerance being approximately the 
same as that for dextri-maltose. 

Table V shows the relative assimilability of maltose, dextrin, 
dextri-maltose, and a mixture of equal parts of maltose and dex- 
trin in the same animals. 
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It appears that the tolerance for dextri-maltose and the dextrin- 
mialiose mixture was less than that for either pure maltose or 
pure dextrin. 

Sucrose + Dextrin.—Since rabbits have a very high tolerance 
tor dextrin and a relatively low tolerance for sucrose, It was 
expeeted that the assimilation limit of a mixture of the two 
carbohydrates would le somewhere between the limits of dextrin 
and sucrose; hence, a series of experiments was planned to study 
the behavior of sucrose-dextrin mixtures. 

TABLE VI. 


Limits of assimilability per kilo. 


Sucrose, “ucrose + dextrin. Dextrin. 
qm. gm. qm. 
| 5.0 6.0 | 16.0 +- 
19 | | 7.0 — + 
21 | 5.0 | S.0 | 
23 | 4.0 — 8.0 | 
24 | 
30 | 8.0 — | 9.0 | 
36 | 65 | 5.5 — | 165+ 
39 | 7.0 | 6.0 | 17.0 + 
40 | 50 | 18.0 
14 | 9.0 | 8.0 | 
65 | 7.0 7.0 — 
Ob 5.0 — | 5.0 | 
6S | 8.0 | 9.0 — | IS.0 + 
70 | 7.0 | 7.0 — | 16.0 
71 | 6.0 | 5.0 | 
72 | 6.0 — | 5.0 — | 
73 | 8.0 | 7.0 


A solution consisting of equal parts of dextrin and sucrose was 
used. The assimilation limits in nine animals ranged between 5 
and 9 gm. per kilo. Thirteen other rabbits received two or more 
doses of the mixture, but the smallest dose ingested by each 
still resulted in glycosuria. | 

The limits of assimilability of sucrose, dextrin, and sucrose + 
dextrin (1:1) in the same animals are given in Table VI. 

An examination of Table VI shows that the assimilation 
limit of the mixture was less than that of sucrose alone in seven 
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cases, while the reverse was true in six cases. Dextrin tolerance 
was, without exception, two or three times greater than that of 
either pure sucrose or the mixture of sucrose and dextrin. 
Seven rabbits (Nos. 4, 19, 36, 39, 40, 68, and 70) had an average 
dextrin tolerance of more than 17.07 gm. per kilo and an average 
sucrose tolerance of 6.64 gm., while less than 6.64 gm. of the 
sucrose-dextrin mixture was assimilated perfectly. Thirty-one 
rabbits had glycosuria after the ingestion of the sucrose-dextrin 
mixture and of these, twenty-five had sucrose in the urine; six 
had reducing sugar, and two had both. 

| Glucose + Dextrin.—A series of experiments was planned to 
| determine whether the addition of dextrin to glucose has any 


eight animals ingested doses ranging from 12 to 16 gm. per kilo. 
a without sugar appearing In the urine. | 

Table VII shows the relative assimilability of glucose, dextrin, 
and the glucose-dextrin mixture (1:1) in the same animals. 

Table VII shows that three of the seven animals had a toler- 
ance for glucose equal to or greater than that for the glucose- 
dextrin mixture, while in four the reverse was true. The dextrin 
tolerance was high in all animals, and, in those cases deter- 
| mined, was greater than that for either pure glucose or the 
~ glucose-dextrin mixture. It appears, therefore, that dextrin 


TABLE VIL. 
ty 

a Limits of assimilability per kilo. 

| Cilucose. | Dextrin. (1: 1). 

gm, gm. gm. 

| 14.0 | 16.0 + | 10.0 

19 | 12.0 | + | 16.0 

; 21 | 12.0 | 18.0 | 15.0 

a 69 | 16.0 + | 16.0 + | 16.0 

oF 74 | 10.0 | 14.04 
af 7S | 16.0 | Is. 0+ | 16.0 
qf 79 | 16.0 | 16.0 + 16.0 + 
ef effect upon the tolerance of the latter. A solution consisting of 
aa equal parts of glucose and dextrin was used. The limit of as- 
Fi similabilitv was determined in five animals, the doses which just 
4 resulted in glycosuria ranging from 10 to 16 gm. per kilo, while 
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mixed with glucose in the proportion of 1:1 does not always 
increase the assimilability of the latter. 


History of a Typical Animal. 


Rabbit 4.—This animal was a large male weighing at the beginning of the 
experiments 2480 gm. After the ingestion of his first dose of sugar, 6.5 
gm. per kilo of sucrose, reducing sugar appeared in the urine. Seven and 
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Fic. 1. Graphic representation of limits of assimilability of the various 
carbohydrates in Rabbit 4. 


one-half months later, this animal received his fortieth dcse of sugar. 
During this time he had maintained an approximately constant weight, and 
appeared to be in a normal condition at alltimes. The sucrose tolerance in 
this rabbit was found to be 5 gm. per kilo, reducing sugar only appearing in 
the urine. After he had received a large number of doses of various sugars 
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during an interval of 3} months, a second dose of sucrose, 5 gm. per kilo, was 
administered. As previously found, reducing sugar appeared in the urine. 
This same dose was repeated 24 months later, and again reducing sugar 
was found in the urine. Apparently, repeated doses of sugars at frequent 
intervals had not affected the sucrose toleranee in this animal. 
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Fic. 2. Summary of observations on urine: graphic representation of 
the average limits of assimilability of the various carbohydrates. 


Compared with other rabbits, No. 4 had a relatively low sucrose toler- 
ance (5 gm. per kilo) and a fairly high dextrin tolerance (16 gm. per kilo). 
When the two carbohydrates were mixed in the proportion of 1:1, the as- 
similation limit of the mixture was found to be only 6 gm. per kilo. The 
assimilation limit of inverted sugar in this animal was the same as that of 
sucrose, and since reducing sugar invariably appeared in the urine after 
sucrose ingestion, it is probable that the latter was inverted in the intes- 
tinal tract before absorption (Figs. 1 and 2). 
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From Table it appears that, for the carbohydrates studied, 
tolerance in rabbits occurred in the following order of increasing 
assimilability: (1) suerose; (2) levulose; (3) glucose; (4) maltose 
and dextrin. 

While from the table maltose appears to be more assimilable 
than dextrin, the reverse is probably true, since the tolerance for 
the latter was so great that the lim7t of assimilability could not 
be determined except in a few eases. 


TABLE VIII. 


Summary of Observations. 


Rabbits to which Rabbits in which limits of assimil- 
carbohydrates were fed. ability were determined. 
No. devel- | devel- 
| Total No. | oping | Total No. | ~—s oping 
| diarrhea. | | tolerance. | diarrhea. 
| gm. 
Levulose..... 17 | 8.0 | 0 
Inverted sucrose. ....... 17 2 4.8 2 
OS 22 | <.5 1 
Lactose... 4 {) 0) | 
Dextrin. | | 25 0) 3 16.1 0) 
Maltose (50 per cent) 0 
Dextrin (50 | | | 
Sucrose (3 ° 
Dextrin (50 * 
Glucose (50 9 5 14.6 ( 


Dextrin (5O 


Maliose-dextrin and glucose-dextrin mixtures were highly as- 
sinilable, while the suerose-dextrin mixture was the least assimil- 
able of all the carbohydrates tested. 

The limit of assimilabilitv of the maltose-dextrin mixtures 
averaged, on the whole, less than that of pure maltose or pure 
dextrin. 

Taking all the animals tested into account, the glucose-dextrin 
mixture was shghtly more assimilable than pure glucose and less 
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assimilable than pure dextrin, but in five animals which received 
doses of all three preparations the average tolerance for the 
glucose-dextrin mixture was no greater than that for pure glucose 
and less than that for pure dextrin. 

Diarrhea rarely occurred unless the dose of carbohydrate ex- 
ceeded the assimilation limit. 
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STUDIES ON CARBOHYDRATE METABOLISM IN 
RABBITS. 


II. EFFECT OF CARBOHYDRATE FEEDING ON BLOOD SUGAR.* 


By MARTHA R. JONES.# 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, June 23, 1920.) 


In a previous communication by Mendel and Jones! feeding 
experiments with the various carbohydrates ordinarily used in 
infant feeding were reported. As determined in those experi- 
ments, carbohydrate tolerance in rabbits occurred in the follow- 
ing order of increasing assimilabilitv: sucrose, levulose, glucose, 
dextri-maltose, Borcherdt’s malt sugar, maltose, and dextrin. 
Glucose, maltose, and dextrin were highly assimilable, but when 
dextrin was added to glucose and maltose in the proportion of 
1:1, the mixtures were, in some cases, less assimilable than the 
pure sugars. A mixture of sucrose and dextrin in equal propor- 
tions was the least readily assimilable of all the carbohydrates 
tested. With these results in mind, two questions arose: first, 
What relation exists between the sugar in the urine and that in 
the blood? and second, To what are differences in utilization 
due? 

In order to determine the relation between sugar in the urine 
and that in the blood, a series of experiments was planned to 
study the composition of these fluids after the ingestion of com- 


* The data in this paper were taken from the dissertation presented by 
Martha R. Jones for the degree of Doctor of Philosophy, Yale University, 
1920. Part of the expense of the investigation was defrayed by a grant 
from the Russell H. Chittenden Research Fund for Physiological Chem- 
istry. 

+ Research Fellow (1919-20) of the Boston Branch of the Association 
of Collegiate Alumn:. 

1 Mendel, L. B., and Jones, M. R., J. Biol. Chem., 1920, xliui, 491. 
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parable doses of the various carbohydrates under investigation. 
Since the limit of assimilability of sucrose is relatively low, com- 
parisons were made on the basis of sucrose tolerance. 


Methods Employed. 


Maclean's? micro method requiring 0.2 ce. of blood was used for the 
determination of the blood sugar. The accuracy of the method was tested 
by adding known quantities of glucose to blood samples which had pre- 
viously been analyzed and determining the total amount of sugar present. 
Most satisfactory results were obtained. Asin all micro methods, extreme 
‘are had to be exercised, and all pipettes and flasks kept scrupulously clean. 
After the addition of the colloidal tron to the coagulated blood mixture 
the flask should be shaken vigorously for at least | minute, a point which 
is net emphasized by MacLean, but was found to be quiteessential, A 
sort of emulsion is formed which filters quite slowly, but much better du- 
plicates were obtained when this precaution was taken. Two sets of flasks 
were used, one exclusively for preeipitating the proteins and the other for 
the reduction of the copper solution. The flasks in which the proteins 
were precipitated (colloidal iron being used) had to be scrubbed after 
sach test, as the iron adhered very closely to the glass and it was found 
impossible to remove it completely in any other way. One disadvantage 
of the method is that it requires about 40 minutes for each determination, 
making frequent tests impossible when observations are being made on 
both blood and urine. A great advantage is that the method lends itself 
very well to the determination of sucrose in the blood. An aliquot of the 
filtrate from the coagulated blood mixture was made acid with ten drops 
of a concentrated HC] solution and gently boiled for 10 minutes. The 
flask was stoppered and a long glass tube inserted to prevent evaporation. 
At the end of 10 minutes the flask was plunged into cold water and the 
solution titrated with NaOH of such a strength that ten drops exactly 
neutralized the ten drops of HCl used. One drop of phenolphthalein was 
used as indicator. Since asmall amount of water was lost by evaporation 
the twenty drops of HCl and NaOH added did not materially change the 
volume of solution. From this point the procedure was exactly the same 
as that deseribed by MacLean. The method was tested by adding known 
quantities of sucrose to the blood filtrate and testing before and after 
inversion, Satisfactory results were obtained. 

Blood samples were taken immediately before and 1 hour after the 
ingestion of the sugar solution, while urine was collected before and 2 hours 
after the administration of the sugar. In a few cases the blood was col- 
lected at hourly intervals for 3 hours. As reported by numerous inves- 
tigators, the sugar content invariably reached its maximum within the Ist 
hour. Each rabbit was weighed and its normal urine collected and tested 


2 MacLean, H., Biochem. J., 1919, xiii, 135. 
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It was then fastened on the animal board and a 


as previously described. 
small incision made in the marginal ear vein, from which the blood was 
allowed to flow into a small weighing bottle containing a few grains of 
At times some difficulty was experienced in 
obtaining a good flow of blood, but this was overcome by warming the ear 


powdered potassium oxalate. 


with a lighted electric bulb. As only 0.2 ec. of blood was used for each 
test, a very small amount was collected. Since blood contains a glycolytic 
ferment, the sugar tests, in duplicate, were started immediately after the 
While the rabbit was still fastened on the board the 


blood was drawn. 
The animal was then returned to its 


sugar solution was administered. 
eage and | hour later a second blood sample was taken and tested as 
above. 2 hours after the ingestion of the sugar the urine was collected 
and tested for sugar with Benedict's reagent. 


The Normal Blood Sugar. 


The concentration of sugar in the blood was determined in 
sixteen normal rabbits, the average being O.O86 per cent. The 
highest blood sugar content exhibited by any animal was 0.116 
per cent, while two had a sugar concentration of only 0.068 per 
eent. The normal blood sugar of each animal was tested at 
intervals until three or more determinations had been made, 
but the variations were found to be negligible and always within 
the limits of experimental error. 

For the rabbit, the following data regarding normal blood 
sugar values have been collected by Allen. 


Investigator. Blood sugar. 


per cent 


Andersson and Erlandsen..... 0.12 to 0.18 
Lyttgens and Sandgren................} 0.222 


Allen considers the great differences in blood sugar values 
probably due to the fact that the rabbit is an animal subject to 


® Allen, F. M., Studies concerning glycosuria and diabetes, Cambridge, 
1913. 
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emotional and traumatic hyperglycemia to an unusual degree, 
and that the lowest figures are the most trustworthy. 

A striking demonstration of extreme emotional hyperglycemia 
was obtained in one of our own animals. The rabbit was a 
voung male in excellent physical condition but was unaccustomed 
to close confinement or handling. When placed on the animal 
hoard he showed great excitement and his blood sugar had a 
concentration of 0.187 per cent. After the ingestion of & gm. 
per kilo of glucose the blood sugar content increased to 0.264 
per cent, the highest ever obtained, accompanied by extreme 
glycosuria. A month later this animal’s blood sugar was again 
tested. He still showed some excitement when handled but 
the blood sugar content was only 0.138 per cent. Recent 
reports in which improved methods for the determination of 
blood sugar have been employed tend to show that the normal 
hlood sugar content of the rabbit is much lower than originally 
thought, in facet, is very near the concentration in man. Allen 
asseris that it is not improbable that all or most mammals may 
he found to have a rather constant blood sugar content. 


The Relation between Blood Sugar and Urine Sugar after the Inges- 
tion of Certain Carbohydrates. 


Glucose. Light rabbits received one or more doses of glucose. 
The relation between the sugar in the blood and that in the 
urine after the ingestion of glucose is shown in Table I. 

Table LT shows that hyperglycemia results after the ingestion 
of glucose, and that the degree, in the same animal, is propor- 
tional to the quantity ingested. Only after the concentration of 
the sugar in the blood reaches a certain degree does it escape into 
the urine. According to Hamman and Hirschman‘ the blood 
sugar in man rises rapidly but seldom exeeeds 0.15 per cent after 
the ingestion of glucose. It falls somewhat more slowly to the 
original level, the whole reaction taking place in less than 2 hours. 
“Tf the blood sugar passes 0.18 per cent sugar usually appears in 
the urine, but sometimes appears at a lower level and at other 
times fails to appear even though 0.2 per cent is exceeded.” 


‘Hamman, L., and Hirschman, I. 1., Johns Hopkins Hosp. Bull., 1919, 
XXX, 
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The results of the above experiments on rabbits confirm the 
statement of Hamman and Hirschman. Sugar appeared in the 
urine only once when the blood sugar content was as low as 
O.137 per cent. Five animals had sugar in the urine when the 
hlood sugar concentration was 0.18 per cent or more. In six out 
of seven cases the doses of glucose ranging from 6 to 9 gm. per 
kilo produced a hyperglycemia of 0.138 to 0.168 per cent without 
elicosuria. 

Sucrose.— Thirteen rabbits received doses of sucrose ranging 
from 6 to 8 gm. per kilo. The blood and urine were tested for 
reducing substances before the ingestion of the sugar, and for 


TABLE I. 


Blood sugar. 


Animal No. | Glucose per kilo. Sugar in urine. 


Normal. lhr. after sugar. | 

y gm. per cent per cent | 
109 | 9.0 Q OST 0.144 | 
109 | 12.0 : 0 OST 0.186 | Trace. 
110 | 6.0 0.09 | | 
110 | 8.0 0.09 | 0.212 | 
111 | 6.0 0.116 | 0.168 | - 
111 | 5.0 | 0.116 | 0.25 | 
112 7.5 | 0.07 | 0.142 | — 
113 7.0 0.085 | 0.137 | + 
114 7.0 | 0.138 | om 
15 7.0 IS] ++ 
116 7.0 0.09 | 0 165 — 
116 10.0 


O09 0.25 | +--+ 


both reducing substanees and sucrose after the ingestion. In 
twelve of the thirteen rabbits sucrose, as such, appeared in the 
urine, while in one the assimilation limit was not reached. Five 
rabbits showed a more or less marked decrease in reducing sugar 
inthe blood. After inversion, the fofal sugar content was approx- 
imately normal, indicating the presence of sucrose. These rab- 
hits also exhibited sucrosuria to a marked degree. Eight animals 
showed the same or an inerease in reducing substances in the 
blood after the ingestion of sucrose. In three of these cases, 
sucrose, as such, was present; in one, no appreciable increase in 
reduction was noted after inversion; and in four, the presence of 
sucrose was not determined. 
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Rabbit 114, which had no increase in blood sugar but marked 
sucrosuria after the ingestion of 7 gm. per kilo of sucrose, was 
given a second dose of the sugar (6 gm. per kilo) 5 days after the 
first. The blood sugar content increased from 0.07 to 0.121 per 
eent during the Ist hour, only reducing sugar being present. 
The urine test showed marked reduction, with no increase after 
inversion. One of two possibilities may have occurred. Either 
the sucrose was completely inverted in the intestines before 
absorption, or, if a small portion of the unchanged sugar found 
its way Into the blood stream, an enzyme, evoked by the previous 
dose of sugar may have inverted it. Neither the dog nor the 
rabbit has sucrase in its normal serum.* Weinland® was able bv 
repeated subcutaneous injections of sucrose in dogs to produce an 
invertin in their serum. In the present investigation the pres- 


TABLE ITI. 
Blood sugar. Urine sugar. 
Animal No. | eee per | — 
i Norm Sugar. inversion Reducing. Sucroee. 
jewel ener per cent pr nf 
100 70 | ONG O65 
110 O ONS 1) ONT Trace. 
111 116 O55 112 -+ 
112 OF OO 0 O72 4 


114 70 OST O75 OS9 Trace. 


ence of an amylase in rabbit urine after the ingestion of sucrose 
has been repeatedly demonstrated. No tests for sucrase, how- 
ever, were made, but it seems reasonable to assume that it might 
have been present. Rabbit 114 also received 7 gm. per kilo of 
glucose. The blood sugar content rose to 0.138 per cent without 
glycosuria. The fact that glycosuria resulted after sucrose inges- 
tion when the concentration of sugar in the blood was only 0.121 
per cent and did not result after glucose ingestion when the blood 
sugar content was 0.138 per cent indicates a relatively low renal 
threshold for invert sugar. 

Table II shows the relation of glvcemia to glycosuria in those 
animals which exhibited a lowered content of reducing sugar in 
the blood after the ingestion of sucrose. 


§ Weinland, E., Z. Biol., 1906, xlvii, 279. 
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Table Ill shows the relation between glycemia and glycosuria 
in those animals which exhibited an increase in reducing sugar in 
the blood after the ingestion of sucrose. 

Rabbits 103, 107, and 108 showed marked sucrosuria with 
more or less glucosuria. ‘The sucrose concentration in the blood 
was also high, while the concentration of reducing sugar was 
relatively low. 

From Tables IL to IIL two distinct phenomena are apparent: 
first, hypoglycemia with normal total blood sugar, accompanied by 
sucrosuria; second, a relatively low glycemia with high total blood 
sugar accompanied by both glycosuria and suerosuria. 

TABLE UL 


Blood sugar. Urine sugar. 
No per kilo Normal. | ! br- after | 2 hrs after | — After Before | After 
sugar. Sugar. | inversion. inversion. inversion 
gm per cent per cent per cent per cent 
101 0.08 00S 
102 7.0 0068 0 104 4 
105 6.0 0 116 IST +- 
0 OOS OOS 
10S 70 105 0.147 Trace. 
70 0 OSI 144 144 ++ 


Dextri-Maltose.--The blood sugar content was determined in 
twelve animals after the ingestion of one or more doses of dextri- 
maltose (Mead’s). The relation between the sugar in the blood 
and that in the urine in these animals is given in Table IV. 

Table IV presents, in general, two distinct blood pictures: 
first, large doses of sugar resulting in relatively low hyperglycemia 
accompanied by glycosuria; second, large doses of sugar with 
little or no increase in blood sugar and no sugar in the urine. 
In all cases except two (Rabbits 104 and 112) an increase in dose 
resulted in an increase in blood sugar. Rabbits 105, 108, 111, 
and 116 ingested 14, 7, 6, and 10 gm. per kilo, respectively, with- 
out an appreciable increase in blood sugar or glycosuria resulting. 
Rabbits 103, 104, and 116 received 14 gm. per kilo each with 
only a slight increase in blood sugar although there was a small 
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amount of sugar in the urine. It is possible that the sugar was 
so slowly absorbed in these cases that the maximum blood sugar 
value was not attained during the Ist hour. 

Dextrin.— Owing to our inability to obtain a sufficient amount 
of purified dextrin, only three doses were given. Rabbits 109, 
112, and 113 received 12, 10, and 7 gm. per kilo, respectively, of 
a so called chemically pure dextrin, but a different product from 
that used in previous experiments. The highest blood sugar 
value attained was 0.145 per cent. Glycosuria resulted in two 

TABLE IV. 


: Blood sugar. 
-maltose 
Animal No. Dextri-maltose 


Normal. | Thr. after sugar. | 
| gm. | per cent per cent 
101 | 7.5 | (?) 0 093 | -~ 
103 | 140 0.09 | 0.116 | Trace. 
104 14.0 | 0.087 | 0.106 | “ 
104 12 0 | 0.13 
106 | 15.0 0 OS5 | 9 202 | ++ 
106 | 10.0 0085 0.108 
107 10.0 0.162 | 
107 6.0 0 O82 0.142 
LOS 10.0 | 0 062 | O15 | 
108 7.0 | 0.062 (075 
110 6.0 0.103 + 
111 6.0 0.116 0.127 
112 10.0 0.07 0.125 — 
112 7.5 | 0.07 | 0.121 — 
114 10.0 ONT | 0.105 | — 
116 14.0 | 0.09 0.133 | +- 


116 | 10.0 0.09 0.091 | 


Comparing the blood sugar values after the ingestion of glucose 
and dextri-maltose it appears that comparable and even larger 
doses of the latter result in relatively lower concentrations of 
blood sugar (Table V). In addition to the above carbohydrates, 
Rabbit 109 received 12 gm. per kilo of pure maltose, the blood 
sugar content rising to 0.16 per cent 1 hour after the ingestion of 
the sugar. It seems that the glucose threshold value in this 
animal was approximately O.144 per cent, since a trace of sugar 
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appeared in the urine when the blood sugar attained that concen- 
tration after ingestion of 9 gm. per kilo of glucose, and positive 
tests resulted when glycemia increased to 0.145, 0.16, and 0.186 
per cent after the ingestion of 12 gm. per kilo of dextrin, maltose, 
and glucose respectively. These relative values lend credence 
to the theory that polysaccharides are more slowly digested and 


TABLE V. 


Comparison of Blood Sugar Values in Selected Animals. 


Sucrose. Glucose. | Dextri-maltose Dextrin. 


E | E&® & = | E& = 
| 
per cent gm. percent per cent gm. “per cent| gm. ‘percent gm. (per cent 
7.0 0.065 0.144, 12.0 0.137; 12 | 0.145 


109 0 OS6. 
| wp 0.186 | 
110 | 0.085 60 005 | 6 0.14) 6.0) 0.103 | 
| S 0.212 10.0 | 0.140 


| | | 
111 | 0116 6.0 0.055 | 0.112 6 0.168 6.00.1 
| | Ss 025 11.0) 0.1 


112 | 0.07} 7.5 0.052 | 0.072. 


113. 0.081, 7.0 0.144 0.144 7 | 0.138 7 | 0.137 


121; 10 | 0.143 
» 


114 0.087 6.0 (0.121 7 | 0.138 10.0 | 0.105 
| | | 


7.0 0.075 


7 0.165 10.0 | 0.091 
10 0.25 | 14.0 | 0.133 | 


116 0.09 | | 
| | 


absorbed than monosaccharides, and that upon the rate of absorp- 
tion depends the ability of the liver and tissues to utilize the 
excess. Two rabbits (Nos. 112 and 109) showed no _ higher 
blood sugar after the ingestion of 10 and 12 gm. per kilo of dex- 
trin, respectively, than after the ingestion of 7.5 and 9 gm. of 
glucose, which indicates slower absorption of the former. Rabbit 
113 had a blood sugar content of 0.137 per cent accompanied by 
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glycosuria after the ingestion of glucose, while a comparable 
dose of dextrin resulted in the same concentration of sugar in 
the blood but without glycosuria. This also can be explained on 
the ground of more rapid initial absorption of glucose, its maxi- 
mum value probably having been attained before the expiration 
of the hour. 

In the few experiments in which two or more doses of glucose 
were given to the same animal, the sugar concentration in the 
blood invariably increased with the size of the dose. Sucrose in 
the same dosage as glucose, with one exception, resulted in no 
increase in total blood sugar, the reducing sugar being below 
normal (Fig. 1). 


DISCUSSION, 


When sugar is ingested orally its passage into the urine may be 
prevented in three ways: first, by the liver which converts it 
into glycogen; second, by the tissues which metabolize it; and 
third, by the kidneys which fail to excrete it unless the concen- 
tration in the blood exceeds a certain level. 

Bernard established the theory that the kidneys were essen- 
tinlly like a dam to a reservoir. The blood sugar could stand 
at a certain level without loss, but if this level for anv reason 
should be raised the excess flowed over the dam until the original 
height was restored. This conception is still common in the 
literature, but recent investigations show that in the normal 
organism the power to utilize sugar is practically unlimited. An 
increase in dose means an increase in utilization, and the quantity 
of sugar excreted is invariably an exceeding small proportion of 
the sugar ingested. In this respect the normal organism differs 
from that of the total diabetic in whom the kidneys regulate the 
height of the blood sugar by allowing the excess above a certain 
level to escape quantitatively in the urine. 

In a recent paper by Hamburger® observations on the per- 
meability of the kidney to various sugars were reported. From 
these experiments it appears that the kidney is perfectly per- 
meable to the three disaccharides as well as to fructose and levo- 
rotatory glucose. In perfusion liquids containing mixtures of 


* Hamburger, H. J., Brit. Med. /., 1919. 1. 267. 
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glucose and levulose, also glucose and lactose, both the levulose 
and lactose passed through the glomeruli quantitatively, while 
the retention of glucose was not altered. According to Ham- 
burger: ‘The two sugars are simply separated from each other as 
through a filter... Apparently, the glomerular epithelium 
has the power of retaining free glucose and distinguishing it from 
other sugars, a power which is governed by the influence of the 
chemical composition of the perfusion liquid upon the glomerular 
membrane. 

On the basis of this hypothesis most of the phenomena observed 
in the present research can be interpreted. Since the kidney 
appears to be perfectly permeable to sucrose, levulose, and mal- 
tose, once they enter the blood stream they are excreted. Since, 
however, a maltase occurs in the blood, any maltose which 
escapes into the circulation is rapidly converted into glucose and 
none escapes into the urine until the concentration in the blood 
exceeds a certain limit. On the other hand, sucrose entering the 
circulation, as such, is rapidy excreted, since the normal blood 
serum contains no sucrase. The addition of dextrin to sucrose 
facilitated the passage of the latter into the blood stream, and 
hence even relatively small doses gave rise to glycosuria. The 
fact that sucrose was nearly always present in the urine after the 
ingestion of the mixture makes this seem more probable. That 
levulose is more assiniilable than sucrose can be explained on 
the ground that less of it enters the systemic circulation, owing 
to its ready conversion into glycogen by the liver. This assump- 
tion is supported by the fact that after parenteral injections of 
levulose relatively small quantities are utilized by the tissues. 
Since polysaccharides have to undergo hydrolysis in the incestinal 
tract before absorption, it is reasonable to assume that absorption 
takes place more slowly after the ingestion of starch and dextrin 
than after the ingestion of glucose and maltose. Why a glucose- 
dextrin mixture in some cases had no greater limit of assimi- 
lability than pure glucose we are unable to say, unless in the 
presence of dextrin the preformed glucose undergoes more rapid 
absorption. 
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Kidney Function Test. 


Since the kidney is an important factor in preventing the 
escape of sugar into the urine, it seemed desirable to test what 
effect, if any, large doses of sugar have upon kidney function, and 
for this purpose the phenolsulfonephthalein test was employed. 

0.5 ec. of a phenolsulfonephthalein solution containing 3 mg. 
of the dve was diluted to 1 ec. with distilled water and injected 
subcutaneously into the rabbit immediately after the ingestion 
of 50 ec. of distilled water or sugar solution. The urine was 
collected in some cases after 2 hours and in others after 3 hours. 
‘Two or three drops of concentrated NaOH solution were added 
to the urine to develop the color and the volume was made up 
to 500 ce. with distilled water. The percentage of the dye in 
the urine was determined by matching the color in a Hellige 
colorimeter against a standard solution containing 3 mg. of 
phenolsulfonephthalein, 15 ee. of normal urine, and two or three 
drops of concentrated NaOH made up to a volume of 500 ce. 
Solutions of sucrose, maltose, dextrin, dextri-maltose, maltose +- 
dextrin, and glucose + dextrin were fed, the exeretion of the 
dye being well within the normal limits in all cases both tn the 
2 and 3 hour periods. Apparently, large doses of these carbohy- 
drates have no appreciable effect upon kidney function as deter- 
mined by this test. 


SUMMARY. 


Comparable doses of carbohydrates gave rise to hyperglycemia 
in the tollowing order of increasing blood sugar values: dextrin, 
dextri-maltose, and glucose. 

Sucrose ingested in doses sufficient to cause glycosuria pre- 
sented three distinct phenomena: (1) hypoglycemia with normal 
total blood sugar content accompanied by sucrosuria: (2) 4 rela- 
tively low glycemia with high total blood sugar value accom- 
pamied by both glycosuria and sucrosurin; (3) hyperglycemia 
accompanied by glycosuria. 

In the few determinations made, maximum blood sugar values 
were attained | hour after the ingestion of glucose and dextri- 
inaltose, an increase in dose resulting, in general, in an increase 
in blood sugar content. 
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STUDIES ON PROTEINOGENOUS AMINES. 


Vi. THE PREPARATION OF HISTIDINE FROM BLOOD CORPUSCLE 
PASTE. 


by MILTON T. HANKE anp KARL K. KORSSLER. 
from the Otho S.A. Spraque Memorial Institute and the Department of 


Pathology of the University of Chicago, Chicago.) 


(Received for publication, June 21. 1920.) 


since Frankel! published his method for the preparation of his- 
tidine, small quantities of this substance have been obtainable 
without diffeulty. The details given by Frinkel are rather in- 
complete. Most laboratories have found it necessary, therefore, 
to supply the exact details in order that their students could pre- 
pare this amino-acid successfully. One very good unpublished 
modification with which we are familiar is that devised by Dr. 
Iwoch of the of Physiological Chemistry at the 
University of Chicago. Jones,” who was formerly one of IKoch’s 
students, has recently published a method tor preparing histidine 
that is essentially that of Koch. 

Anyone who has prepared histidine repeatedly by one of these 
processes cannot fail to have been struck by the uncertainty of the 
results. The vield of histidine dichloride may vary between the 
wide limits of 10 to 25 gm. from 2 liters of the same corpuscle 
paste. Frequently the presence of impurities in the crude his- 
tidine dichloride makes it diffieult to obtain a good yield of the 
pure substance. The most serious causes of difficulty seem to 
be = following. 

The precipitation of a and ferric hydroxide by means 
of pi carbonate is very unreliable. an experienced 
chemist may waste considerable time before the correct condition 
for complete precipitation is obtained. By using lime in place of 
sodium carbonate this difficulty can be removed entirely. 


‘ Frankel, S., Wonatsh. Chem., 1903, xxiv, 250. 
2 Jones, H. M., J. Biol. Chem.. 1918, xxxiil. 429. 
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2. The mercury salt of histidine has usually been prepared by 
adding sodium carbonate and mercuric chloride alternately until 
precipitation has ceased. We have found that the precipitation is 
always incomplete unless an excess of mercuric chloride is present 
from the start; that it is necessary to use far more mercuric chloride 
than has usually been employed; and that by using exact weights 
of mercuric chloride and sodium carbonate a uniformly complete 
precipitation can always be obtained. 

3. The final purification of the histidine dichloride by the 
previously described methods has been subject to considerable 
loss both of time and material. By recrystallizing the crude prod- 
uct from aqueous alcohol under exactly defined conditions, a 
very good vield of a perfectly pure final product is obtained. The 
process to be described has given an average vield of 15 gm. of 
pure histidine dichloride from 500 ec. of blood corpuscle paste, 
which is about four times the quantity that has usually been 
obtained. 


EXPERIMENTAL. 


1. Hydrolysis. —Fresh blood corpuscle paste,*? 500 Is mixed 
with 1,000 ec. of 37 per cent hydrochloric acid in a weighed 3,000 
ee. long necked, round bottomed Pyrex flask and hydrolyzed by 
boiling, under a reflux condenser, for 30 hours over an clectrically 
heated asbestos bath. 

2. Removal of the Hydrochloric Acid.—TYhe hydrochloric acid 
is removed by distillation cn vacuo at 60° from the same flask. 
The residue is finally dried at 100° for 2 hours to remove the 
water and acid as completely as possible. The flask is weighed 
and the weight of the residue —usuallv about 350 gm.—1is obtained 
by difference. This weight is very important because the quan- 
tities of mercuric chloride and sodium carbonate used later in the 
preparation depend upon it. This will be referred to later as 
Residue 2. 

3. Removal of Ammonia.—Residue 2 1s dissolved in 1,000 ce. 
of water. The solution ts treated with commercial finishing lime 


until the reddish brown precipitate formed at first assumes a ho- 


mogeneous clay color due to the presence of undissolved lime. 


° The blood corpuscle paste was obtained from Armour and Company, 
Chieago. Ill. 
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The saturation with lime is necessary to insure a complete precipi- 
tation of the ferric hydroxide and humin. The mixture is treated 
with 500 ce. of 95 per cent aleohol and subjected to a distillation 
in vacuo at 40° until about 800 ce. of distillate have been collected. 
This removes the ammonia completely. 

4. Removal of Humin and Ferric Hydroxide.—Te mixture is 
filtered, on a 6 inch Buchner funnel, from humin, ferrie hydoxide, 
and excess lime, the precipitate being carefully washed with a 
large volume—2,000 cc.—of a hot saturated aqueous solution of 
lime. The clear amber-colored liquid, which contains all the 
amino-acids as lime salts, is always free from iron when enough 
lime has been added. 

5. Isolation of Tyrosine and Leucine.—The alkaline filtrate ob- 
tained under Section 4 is diluted to 4,000 ec., heated on the water 
bath, and treated with 350 gm. of solid anhydrous sodium ecar- 
bonate. The resulting mixture is agitated until all the sodium 
carbonate has passed into solution. This precipitates the cal- 
clum as calcium carbonate. The mixture is filtered promptly on a 
6 inch Buchner funnel and the precipitate is washed with 1,000 ee. 

f hot water. The filtrate, which should be free from calcium, is 
transferred to a 6 liter flask, cooled under the tap, and treated 
with 37 per cent hydrochloric acid until the liquid reacts neutral to 
litmus paper. Glacial acetic acid is then added until effervescence 
ceases. The solution is subjected to a distillation zn vacuo at 
50—60° until its volume has been reduced to about SOO ce. So- 
dium chloride crystallizes out toward the end of the distillation 
together with small quantities of tyrosine and leucine. The mix- | 
ture is placed in the ice chest for 4 days which separates the tyro- 
sine almost completely, and considerable leucine. It is then fil- 
tered on a 5 inch Buchner funnel, the precipitate being washed 
with 200 ec. of ice-cooled water. 

The precipitate contains about 50 gm. of leucine and 1.5 gm. of 
tyrosine together with a large quantity of sodium chloride. The 


4 The weights of mercuric chloride and sodium carbonate given here are 
correct only when the weight of Residue 2 (p. 522) is 350 gm. The weight 
of this residue is, of course, dependent upon the quality of the blood cor- 
puscle paste. In case Residue 2 does not weigh approximately 350 gm., 
the quantities of HgCl. and Na,CQO,; to be used can be obtained by pro- 
portion, 
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separation of the leucine from the tyrosine and the further puri- 
fication of these two amino-acids can be most easily accomplished 
by the method of Habermann and Ehrenfeld.° 

The filtrate, which contains the histidine, is diluted to exactly 
2.000 ce. It will be referred to as Filtrate 5. 

6. Precipitation of the Mercury Compound of Histidine.—The 
filtrate from the tyrosine and leucine—Filtrate 5, volume 2,000 ce. 
— js divided into four equal parts. Each 500 ec. portion is trans- 
ferred to a 6,000 ce. flask and diluted with 1,500 ec. of water. The 
further discussion will be limited to one of these portions. The 
other three portions are treated in a manner identical to that 
which will be deseribed. 

Solid mereurie chloride—350 gm.,' four times the weight of 
Residue 2 which is present in this portion—is added to the acid 
liquid. The mixture is heated on the water bath until the subli- 
mate has passed into solution. A small quantity of a gray te 
brown flocculent precipitate is always present. This ean be more 
advantageously removed later. The liquid is cooled. The mer- 
eury salt remains in solution. A solution of sodium carbonate 
containing 70 gm.’ of anhydrous salt dissolved in 3,000 cc. of 
water, is carefully added to the above liquid. This precipitates 
the mereury salt of histidine in the form of a flocculent white solid 
that settles readily leaving a clear supernatant liquid. A test 
portion of this liquid should give no immediate precipitate when 
it is treated with a sodium carbonate solution. The clear super- 
natant liquid is removed as completely as possible by means of a 
glass siphon. Distilled water—about 4,000 ce.—is poured into 
the flask, the mixture thoroughly agitated, and the precipitate 
allowed to settle. The supernatant liquid is siphoned off as 
before. The mercury salt is washed seven times in this manner. 

?. Isolation and Purification of Histidine Dichloride.— The four 
hatches of mercury salt obtained under Section 6 are combined in a 
6 liter flask. Hydrochloric acid—37 per cent—is then added until 


Habermann, J., and Ehrenfeld, physiol. Chem., xxxvii_ Is. 

® This division of material was necessary because of the limited size of the 
laboratory glassware. ‘Then too, the final volume of the entire portion 
would be 20 liters which is too large a quantity to be handled easily 

7 Jn general use 20 gm. of anhydrous sodium carbonate for every 100 


gm. of mercuric chloride. 
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all the white solid has passed into solution. A small quantity of 
a gray to brown flocculent precipitate is always left that will not 
dissolve in hydrochloric acid. The mixture is filtered through a 
large folded filter paper into a 2 gallon bottle. The pale vellow 
filtrate is saturated with hydrogen sulfide under pressure which 
removes the mercury completely. The resulting mixture is fil- 
tered on a 6 inch Buchner funnel, and the clear colorless filtrate 
is subjected to a vacuum distillation at 60° in a weighed flask. 
The resulting pale vellow, exceedingly stiff gum is freed from water 
and hydrochloric acid as completely as possible by heating 7” 
vacuo at SO° for 2 hours. The gum so obtained—60 to 65 gm.— 
is dissolved in 60 ce. of 387 per cent HC] by heating on the water 
bath. The resulting pale brown solution should be free from 
crystalline matter’ and will usually remain clear for days if it is 
kept at room temperature. A few erystals of histidine dichloride 
are added and the sides of the vessel seratched with a glass rod. 
The erystallization of histidine dichloride is immediate and so 
copious that the mass sets to the consistency of paste in the 
course of 10 minutes. The mixture is placed in an ice bath where 
it is kept for 2 davs to complete the precipitation of histidine di- 
chloride; it is then filtered on a 3 inch Buechner funnel.’ The 
white granular powder is washed first with about 50 ce. of cold 
37 per cent HCl] and then with a cold mixture containing 20 ce. 
of 37 per cent HCl] and 20 ec. of aleohol. After drying at 100° 
for 10 hours, this solid, which is nearly pure histidine dichloride, 
weighs from 17 to 19 gm. The following concrete example illus- 
trates the further purification of this product. 

Of the crude histidine dichloride, 30 gm. are dissolved in 20 
ec. of hot water. Hot 95 per cent aleohol—200 ce.—is added 
to the above aqueous solution. The liquid is heated on the water 
bath until the alcohol boils,'° when it is filtered through a small 


>A slight ervstalline residue is usually sodium chloride which indicates 
that the mercury compound of histidine was not washed sufficiently. This 
inorganic matter can be more advantageously removed later. 

* It is best to use two thicknesses of a fairly hard but not too retentive 
a grade of filter paper in this case. 

“ When the entire process has been properly conducted, the aqueous 
aleoholiec solution will contain no erystalline residue. If such a residue 
is present it consists of inorganic salts. These are then removed by the 
filtration that is carried out in any case to remove shreds of filter paper 
and bits of broken glass. 
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folded filter into a 300 ec. Pyrex flask. The clear, nearly color- 
less filtrate slowly deposits large colorless plates of histidine di- 
chloride. To hasten the crystallization these first crystals are 
titrated with a glass rod. The mixture is allowed to crystallize 
for 24 hours in the ice chest after which it is filtered with suction 
on a platinum cone, the crystals being washed with 50 cc. of 
eold 95 per cent aleohol. The pure white product so obtained, 
after drying in vacuo over sulfuric acid for 48 hours, is 100 per 
cent pure histidine dichloride.! The first crop weighs from 21 to 
22 gm. A second crop—about 6 gm.—of equally pure material 
can be obtained from the mother liquor from Crop 1 by repeating 
the above recrystallization with the same proportions of water 
and aleohol. | 


‘t For a typical analysis see Koessler, K. K., and Hanke, M. T., J. Biol. 
Chem., 1919, xxxix, 502. 
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STUDIES ON PROTEINOGENOUS AMINES. 


VII. THE QUANTITATIVE COLORIMETRIC ESTIMATION OF HIS- 
TIDINE IN PROTEIN AND PROTEIN-CONTAINING MATTER. 


By MILTON T. HANKE anp KARL Kk. KOESSLER. 


(From the Otho S. A. Sprague Memorial Institute and the Department of 
Pathology, University of Chicago, Chicago.) 


(Received for publication, June 21, 1920.) 
INTRODUCTION, 


The Relation of Imidazole Derivatives to Certain Biochemical 
Problems. 


The discovery of the imidazole nucleus in histidine gave rise 
to considerable speculation as to the possible mode of formation 
of this heterocyclic ring in living matter. The first suggestion 
as to its mode of formation was obtained from the then well 
known discovery by Debus! that glyoxal condenses with ammonia 
and formaldehyde to give imidazole. Windaus and Knoop? 
proved in 1905 that methyl imidazole is formed when glucose is 
allowed to stand for some time in the presence of zinc ammonium 
hydroxide. The work of these authors leaves little doubt that 
the methyl imidazole is formed by a condensation of methyl 
glyoxal and formaldehyde with ammonia, the two aldehydes 
having been previously formed from the glucose by the action 
of the ammonia. It is hardly necessary to say that the above 
condensations, occurring as they do only in the presence of a 
high concentration of ammonia, can scarcely be claimed to ap- 
proach the conditions as we find them in living matter. The 
synthesis of imidazole derivatives by protoplasm may, never- 
theless, involve building stones similar to those employed in the 
laboratory. 


! Debus, H., Ann. Chem., 1858, evii, 204. 
2 Windaus, A., and Knoop, F., Ber. chem. Ges., 1905, xxxviti, 1166. 
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Although histidine seems to be more abundant, in living mat- 
ter, than any other imidazole derivative, there are others that 
may prove to be quite as important. Among these we might 
mention carnosine (3-alanyl-histidine*); histamine* (3-imidazolyl- 
ethylamine), a substance that has recently attracted consider- 
able attention because of its powerful physiological activity; 
the purines, that can be considered as condensation products of 
the imidazole with the pyrimidine ring: the hydantoins; the 
closely related glycocvamidines; and creatinine. The last three 
of the above compounds, although they do not contain atypical 
imidazole nucleus, have a nuclear cyclic structure lke that of 
the imidazoles. It is possible that a genetic relation exists 
between all these imidazoles; but this problem as well as the 
fate of the imidazoles in the animal organism, their relation to 
the secretagogues and the physiological action of organ extracts, 
the rédle they play in the diazo reaction of the urine, and many 
other related questions, could not be successfully approached as 
long as we were not in possession of an exnet, simple, and rapid 
method tor the estimation of imidazole derivatives. 


The Method in Brief. 


Histidine has been determined in the past by the original 
method of Kossel and Iutscher,? by one of the numerous modi- 
fications of this method,® and by the group method of Van Slyke.’ 
The present method, although it may be no more accurate than 
the best of those referred to above, has the ndvantages of being 
simple, rapid, and direct. The principles involved can be sum- 
marized briefly as follows: 


* Baumann, L., and Ingvaldsen, T., J. Biol. Chem., 1918, xxxv, 265. 
Koessler, and Hanke, M. T., J. Biol. Chem., 1919, xxxix, 


539, for a discussion of previous work on histamine; and Hanke, M. T., 


and Woessler, Ih. W., J. Biol. Chem., 1920, xliti, 543, for a method of esti- 
mation of this substance in complex mixtures. 

> Ikossel, A., and Kutseher, F.. Z. physiol. Chem., 1901, xxxi, 165. 

® Kossel, A., and Patten, A. J., Z. physiol. Chem., 1903, xxxviii, 39. 
Steudel, H., Z. physiol. Chem., 1903, xxxvii, 219. IKossel, A., and Pringle. 
H., Z. physiol. Chem., 1906, xlix, 318. Osborne, T. B., Leavenworth, C. %.. 
and Brautlecht, C. A.. Am. J. Physiol., 1908, xxiii, 180. 

7 Van Slyke, D. D., J. Biol. Chem., 1911-12, x, 15. 
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The material is hydrolyzed by boiling with hydrochloric acid. 
The acid and the volatile phenols, if such are present, are re- 
moved by distillation 7m vacuo, after which ammonia and humin 
are removed by treatment with lime. The material is then 
divided into two fractions by means of phosphotungstic acid. 
The phosphotungstate precipitate contains the histidine together 
with arginine, lysine, and cystine. Of these four amino-acids, 
histidine is the only one that gives an orange-red color with an 
alkaline solution of p-phenyldiazoniumsulfonate. ‘Tyrosine, which 
is, to the best of our present knowledge, the only substance 
that is normally present in non-putrid, protein-containing matter 
that could interfere with the colorimetric estimation of histidine, 
is not precipitated by phosphotungstie acid from a dilute solution. 
The phosphotungstate precipitate is treated with water and 
sufficient 3. N NaOH to give a clear solution. Histidine is then 
estimated colorimetrically in this liquid, using the method pre- 
viously deseribed by us,* which is a modification of the familiar 
qualitative Ehrlich diazo reaction. 

Histamine and tyramine, both of which give a pink color with 
p-phenvldiazoniumsulfonate, are also precipitated by phospho- 
tungstic acid. If present they would be estimated as histidine. 
These amines are, however, never present in non-putrid, protein- 
containing matter in sufficient quantity to have the slightest 
effect upon the results. 

The method depends, therefore, not upon the actual isolation 
of histidine, which is time-consuming and subject to the possi- 
bility of considerable error, but upon the quantitative determina- 
tion of the imidazole ring. 


Detailed Description of the Method. 


The general mode of procedure can be summarized in the 
following six steps. 

1. Hiydrolysis.—The protein-—1 to 3 gm.—is mixed with 60 
ee. of 20 per cent hydrochloric acid in a 400 ce. long necked, 
round bottomed flask and hydrolyzed by boiling for 28 hours 
over an electrically heated sand or asbestos bath. 

2. Removal of the Hydrochloric Acid and Volatile Phenols.— 
The hydrochloric acid and the volatile phenols are removed by 


8 Koessler, K. K.. and Hanke, M. T., J. Biol. Chem., 1919, xxxix, 497. 
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distillation zn vacuo at 60° from the same flask. The residue is 
finally dried in vacuo at SO° for 1 hour to remove the last traces 
of the free hydrochlorie acid. 

3. Removal of Ammonia.—The residue is dissolved in 100 ce. of 
water and the solution treated with an excess of lime and 50 ee. 
of 95 per cent aleohol. The ammonia, aleohol, and some of the 
water are then removed by distillation 7n vacuo at 40° (again from 
the same flask). 

4. Removal of Humin.—The mixture is filtered, on a Buchner 
funnel, from humin and excess lime, the precipitate being care- 
fully washed with a large volume of hot water until the washings 
give a negative Pauly reaction. 

5. Preparation of the Phosphotungstates.—The alkaline filtrate 
is acidified by adding a slight excess of hydrochlorie acid. The 
resulting clear, amber-colored liquid is then evaporated to dry- 
ness on the water bath in a glass dish. The residue is transferred 
to a 300 ec. Pyrex Florence flask with a solution of 18 ec. of 37 
per cent hydrochloric acid in enough water to give a total volume 
of 100 ec. The resulting solution is heated on the water bath. 
To it are then added 100 cc. of a hot 15 per cent aqueous solution 
of phosphotungstic acid. The resulting mixture is digested for 
hour on the water bath. It is then allowed to cool slowly to 
room temperature, after which it is placed in the ice chest for 
48 hours’ and finally cooled in an ice bath for 24 hours. Phos- 
photungstates have usually been precipitated at room tempera- 
tures. Histidine phosphotungstate is far more soluble at 20° 
than it is at O° (see experimental part). By conducting the 
precipitation at 0°, 0.00571 gm. of histidine remains in solution 
in 200 ec. of precipitation liquid; a definite quantity that can be 
accurately corrected for. This quantity will be referred to later 
as the solubility correction blank. 

6. The Colorimetric Determination of Histidine.—The ice-cold 
mixture obtained under Section 5 is filtered with the aid of suc- 
tion, two thicknesses of filter paper and a platinum cone being 
used in preference to the Buchner funnel process deseribed by 
Van Slyke? The precipitate is washed freely with an ice-cold 
liquid containing 18 ec. of 37 per cent hydrochloric acid and 
15 gm. of phosphotungstic acid in a total aqueous volume of 


* Up to this point the method is essentially that of Van Slyke.’ 
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200 ce., the liquid having been previously saturated with histidine . 
phosphotungstate. Since the wash liquid is already saturated 4 
with histidine phosphotungstate it can dissolve none of this 4 


substance from the precipitate. 
be made for the solubility of the precipitate in the wash fluid. 
The well washed precipitate finally obtained is transferred, 
with the paper, to a 1,000 ce. lipped beaker. 
sodium hydroxide solution is then added to dissolve the pre- 
alkali being carefully avoided. 
a folded filter paper into a 1,000 ce. 
volumetric flask, and the beaker and filter pulp are thoroughly 
washed out with distilled water. 
is finally diluted to 1,000 ce. 


cipitate, a large excess of 
mixture 1s filtered through 


later as the test liquid. 


Histidine Content. 


Colorimetric. 


per cent 


This solution will be referred to 
The colorimetric determinations are 
performed on this liquid according to the method previously 
described by us.* The sodium phosphotungstate, which is always 
present in this liquid, does not interfere with the color production. 

The following results have been obtained by using this method. 


No correction, therefore, need a 


‘nough of a 3.N 


The 


The clear, pale vellow filtrate 


Other methods. 


09 


2 S4 first deter- 
mination. 


Casein. 


2.84 second de- 
termination. 


2 59 


Eedestin. 3 04 


| 2.30 


| 3.37 


| 2.40 


per cent 

Van Slyke, using the method of 
Osborne, Leavenworth, and 
Brautlecht with — preliminary 
phosphotungstic acid precipita- 
tion at room temperature (Van 
SIvke, D.D., J. Biol. Chem., 1913- 
14, xvi, 533). 

Van Slyke, direct 
with AgNQOs; and 
J: 
1913-14, xvi, 535). 

Van Slyke by group method (Van 


precipitation 
barvta (Van 
Biol. Chem., 


Slyke, D.D., J. Brol. Chem., 
1913-14, xvi, 5387). 
(Abderhalden, E., Z. physiol. 


Chem., 1905, xliv, 23.) 


(Osborne, T. B., and Liddle, L. M., 
Am. J. Physiol., 1910, xxvi, 
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Hemoglobins. 
Colorimetric. Other methods. 
per cent per cent 
Horse (1) S.9 10.5 (Abderhalden, E., Z. physiol. 
(2) S65 Chem., 1902-038, xxxvul, 492.) 

Cat. 

$8.55 
sheep. 
6.93 (Van Slyke, 1). J. Biol. Chem. 


1911-12, x, 52.) 


Whole blood (normal human). 
1.5731 gm. of histidine per 100 ce. of hydrolyzed blood. 
Blood serum (normal human). 
235s em. of histidine per 100 ec. of hvdrelyvzed blood serum. 


EXPERIMENTAL. 


Sodium Phosphotungstate Does Not Interfere with the Color Pro- 
duced When Histidine Reacts with p-Phenyldiazonium 
Sulfonate. 


Phosphotungstic acid—15 @m.—-was dissolved in SS ce. of 
water contained in a 100 ce. volumetric flask. Histidine dichtlo- 
ride solution—2 ce. of a 1 per cent solution—was then added 
together with enough water to give a total volume of 100 ce. 
The Hquid remained clear. Of this solution, 5 ec. were trans- 
ferred to a 25 ec. volumetric flask, neutralized with a sodium 
hydroxide solution, and diluted to 25 ec. Of this diluted solution 


0.50 ce. had a color value equivalent to 10.0 mm. (CR-MO)!" 
for the 0.50 ec. portion this is equal to 0.02 gm. of histidine dichloride 
for the entire original liquid, 100 per cent of the amount actually intre- 
duced. 
For the 1.00 ce. portion this is equal to 0.0195 gm. of histidine diehloride 
for the entire original liquid, 97.5 per cent of the amount actually intro- 
dueed. 


‘° The details of the colorimetric method and an explanation of the 
symbols employed here have been described.’ This paper also contains 
tables by means of which colorimetric readings can be readily transformed 
into gm. of histidine, histamine, ete. 
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These results show that sodium phosphotungstate, in concentra- 
tions as high as 15 per cent, does not interfere with the accuracy of 
the colorimetric determination of histidine. 


The Solubility of Histidine Phosphotungstate. 


A.—Histidine dichloride—0.1000 gm—was mixed 
with S2 cc. of water and 18 ec. of 37 per cent hydrochloric acid in 
a 300 ec. Pyrex flask. The solution was then treated with 100 
ec, of a 30 per cent aqueous solution of phosphotungstic acid. 
The clear liquid was placed in the ice chest. At the end of 24 
hours a preeipitate of histidine phosphotungstate had formed 
and collected on the bottom of the flask. To ascertain how 
much histidine remained in solution 1 ce. of the clear supernatant 
liquid was transferred to a 10 ec. precision evlinder, neutralized 
to litmus paper with sodium hydroxide, and diluted to 10 ec. OF 
this solution 


0.50 ec. had a color value equivalent to 7.0mm. (CR-MQ) 
1oo éé éé “ayy * (CR-Me 


This, by table!° shows that the equivalent of 0.056 gm. of 
histidine dichloride was still in solution in 200 ec. of quid at the 
end of 24 hours. 

The precipitate was triturated with a glass rod, the miuxture 
then being allowed to stand in the ice chest for 45 more hours. 
At the end of this time 1 ec. of the clear supernatant liquid was 
removed, neutralized, and diluted to 5 ec. Of this solution 


0.50 ce. had a color value equivalent to 2.5 mm. (CR-MO) 


This, by table, shows that the 200 ce. of precipitation liquid 
still contained the equivalent of 0.010 gm. of histidine dichloride 
which is equal to 0.0068 gm. of histidine base. Longer standing 
or cooling to 0° in an ice bath produced no change in this value. 
To ascertain the effect of rise in temperature upon the solu- 
bility of histidine phosphotungstate, the mixture was allowed to 
stand on the laboratory table for 24 hours at a room temperature 
that varied from 27-32°. Then 1 ec. of the clear supernatant 
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liquid was removed, neutralized, and diluted to 5 ec. as before. 
Of this solution 


0 50 ee. had a color value equivalent to 13.3 mm. (CR-MO) 


This, by table, is equivalent to 0.0532 gm. of histidine dichloride— 
0.0364 gm. of histidine base—for the entire 200 cc. of precipita- 
tion liquid. 

From this experiment it ts clear that histidine phosphotungstate 
precipitates slowly and that its solubility is markedly influenced by 
changes in temperature. 

Experiment B.—A precipitation was now conducted under the 
conditions specified by Van Slyke.’ Histidinedi chloride—0O. 1000 
gm.—was mixed with 82 cc. of water and 18 ce. of 37 per cent 
hydrochloric acid in a 300 ee. flask. The solution was then 
treated with 100 ec. of a 15 per cent aqueous solution of phos- 
photungstic acid. After standing for 2 hours in the ice chest, 
ervstals had begun to form. They were disintegrated with a 
glass rod. This gave rise to a rapid and copious precipitation of 
histidine phosphotungstate. After standing for 24 hours in the 
ice chest, 1 ec. of the clear supernatant liquid was removed, 
neutralized, and diluted to 5 ec. Of this solution 


0.50 ec. had a color value equivalent to 3.1mm. (CR-MO) 


This, by table, is equivalent to 0.012 em. of histidine dichloride 
per 200 ce. of precipitation liquid. Longer standing in the ice 
chest produced no change in this value. 

The flask was now transferred to an ice bath, where it was kept 
for 24 hours. At the end of this time, 1 ce. of the clear super- 
natant liquid was removed, neutralized, and diluted to5 ec. Of 
this solution 


0.50 ce. had a color value equivalent to 2.1 inm,. (CR-MO 


This, by table, shows that the equivalent of 0.0084 gm. of histi- 
dine dichloride—0.00571 gm. of histidine base--was left in solu- 
tion in the 200 ee. of precipitation liquid. 

This experiment shows that, to obtain a most complete and 
uniform precipitation of histidine phosphotungstate under the 
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conditions specified by Van Slyke, it is necessary to cool the pre- 
cipitation mixture in an ice bath. The precipitation, although it 
is slightly more complete when the concentration of phospho- 
tungstie acid is 7.5 per cent than it is when the concentration is 
15 per cent, is not very markedly influenced by the concentration 
of phosphotungstie acid in the liquid. 


The Effect of Other Amino-Acids upon the Colorimetric Determina- 
tion of Histidine."' 


of Cystine. 


Standard Cystine Solution.—Chemically pure evstine— 1.0000 
gin. was dissolved in 30 ec. of N HCl and the resulting solution 
diluted to exactly 100 ce. 

The test solutions were prepared by mixing | ec. of a 1 per cent 
histidine dichloride solution with 2 to 20 ce. of the standard 
evstine solution and diluting the resulting liquid to 100 ec. The 
colorimetric determinations were then carried out on 0.20 and 
0.40 ce. portions of this test solution. 

Table L shows that when cystine and histidine are present in 
the proportion of 3 (cystine) to 1 (histidine), which is the pro- 
portion that is encountered in the evstine-rich keratins, the 
colorimetric determination of histidine is not interfered with to 
the slightest extent. The first Indication of an interference is 
obtained when the ratio of eystine to histidine is 6 to l—a pro- 
portion that has not been encountered heretofore in any protein— 
and under these conditions the interference is only about 5 per 
eent. A serious interference occurs only when the ratio. of 
eyvstine to histidine assumes the extremely artificial ratio of 29 
‘eystine) to L (histidine). 

rom these results we conclude that cvstine will not interfere 
with the colorimetric determination of histidine in any of the 
known proteins. 


'' We wish to eall attention to the fact that the interference percentages 
given in the following pages are correct only when chemicals of highest 
purity are used in compounding the alkaline reagent. For the past year 
we have been using Baker and Adamson’s highest purity anhydrous 
sodium carbonate and sodium nitrite (erystals of 97 to 100 per cent purity) 
and J. T. Baker's sulfanilie acid. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XLIIT, NO. 2 
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That the unsaturated sulfur atoms in cystine are responsible 
for the interference noted for large quantities of this substance 
is rendered highly probable by the fact that a solution containing 
equal parts by weight of sodium sulfide and histidine gives rise to 
a yellowish brown color with p-phenyldiazonium sulfonate that 
is only 40 per cent as intense as that obtained with a pure histi- 


dine solution. 
TABLE L. 
The Effect of Cystine on the Colorimetric Determination of [istidine. 


Concen- Test solution | 
used for the Theoretical | Color value as 


Concentration 
tration of 


Interference 


0 20 10.0 | 10.0 
oS 20 | None. 
0.40 20.0 20.0 
| 0.20 10.0 10 0 
Hi 8 30 None. 
| 0.40 20.0 20.0 
0.20 10 0 9.7 
OS 40 3 
0.40 20.0 19.5 
| 0.20 10.0 9.6 
6.8 50 | 1 
| 0.40 20.0 19.3 
0.20 10.0 9 2 
8 100 
| 0 40 20.0 18.1 
10.0 7.6 
6 8 200 24 
0.40 20.0 14 7 
| Color distinct; 
too yellow. 


Effect of Leucine. 


Standard Leucine Solution.—Chemically pure leucine —2.0000 
gm.—was dissolved in 20 ec. of N HCl and the resulting solution 
diluted to exactly 200 ce. 
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The test solutions were prepared by mixing | ee. of a L per cent 
histidine dichloride solution with 10 to SO ec. of the standard 
leucine solution and diluting the resulting liquid to 100 ce. The 
colorimetric determinations were then carried out on 0.20 and 
0.40 ce. portions of the test solution. 

Table II shows that leucine does not interfere with the colori- 
metric determination of histidine until the ratio of leucine to 
histidine has been raised to the extremely exaggerated proportion 
of 114 leucine) to 1 (histidine). While one would not, of course, 
expect the presence of leucine together with the diamino-aecids in 

TABLE IL. 
The Effect of Leucine on the Colorimetric Determination of Histidine. 


‘Test eolut Ion 


100 ce. 


C‘oncen- 
. Concentration Pheoretical 
of leucine per sed for the color value Interference. 
determi CR MIO) determined 
Je 


nation. 


per 100 ce, 


per cent 


mid. mg. cc. mm. mm. 
0.20 10.0 | 10.0 
6S | 100 | | None. 
| 0.40 | 20.0 | 20.0 | 
0 20 10.0 | 10.0 
6.8 | 500 | None. 
0.40 | 20.0 20.0 
i: 9.6 
6.8 SOO | | 4 


Color slightly 
yellow. 


the phosphotungstie acid precipitate, we believed that it might 
be desirable to show that the presence of a typical a-amino-acid 
does not interfere with the quantity and intensity of color produced 
by histidine. 


Effect of Arginine. 


Standard Arginine Solution.—A solution containing arginine 
was prepared from salmon sperm by hydrolyzing with sulfuric 
acid and precipitating the arginine first with silver nitrate and 
baryta and then with phosphotungstie acid. The solution of 
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arginine sulfate obtained by decomposing the phosphotungstate 
with a cold solution of baryta and removing the barium with a 
slight excess of sulfuric acid had the following properties. 

1. 2 ee. gave 1.70 ce. of amino No at 28° and 752 mm. The 
solution must, therefore, have contained 0.571 gm. of arginine 
per 100 ce. 

2. Of the above solution, 20 ce. were treated with O.IS gm. of 
picroloniec acid dissolved in 3 ee. of alcohol. The picrolonate 
obtained after drying for 10 hours at 110° weighed 0.2893 gm. 
and decomposed at 233°. 

3. The solution contained no ammonia. 

4. When 10 ce. of the solution were mixed with L5 ce. of water 
and 12.5 gm. of KOH and hydrolyzed for 6 hours as specified by 


TABLE IID. 


The Effect of Arginine on the Colorimetric Determination of Histidine. 


Concentration Concentration, Test solution 
of histidine per of arginine per used for ore tie al 
100 ee. 100 ec. determination COVOT Cevermined. 
mi} CC. mm. per cent 
HS | 115 None. 
| 0.40 20.0 | 20.0 
} 
| | | | 
| 9.7 


0.40 20.0 


19.1 
Van Slvke,’ sufficient ammonia was evolved to neutralize OS ce. 
of 0.1 ~N HCl The ammonia evolved from this quantity of a 
0.571 per cent solution of arginine should have neutralized 6.56 
ec, of the O.1 N acid. 

The test solutions were prepared by mixing 1 ce. of a L per 
cent histidine dichloride solution with 20 and 40 ce. of the stand- 
ard arginine solution and diluting the resulting liquid to 100 ce, 


The colorimetric determinations were then earried out on 0.20 


and O.40 ce. portions of the test solution. 

Table IIL shows that arginine does not interfere with the 
colorimetric determination of histidine until the ratio of arginine 
to histidine has been raised to the proportion of 34 (arginine) 
to 1 (histidine). Since a ratio of 6 (arginine) to L (histidine) is 
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the largest that has been encountered in any protein heretofore, 
we conclude that arginine will not interfere with the colorimetric 
determination of histidine in any of the known proteins. 


The Colorimetric Estimation of Histidine in Proteins. 
(Casein. 


Duplicate experiments were carried out on 3 gm. of carefully 
purified vacuum-dried casein by the method outlined in the intro- 
duction. The volume of the test liquid was 500 ce. Of this 


solution 


0.10 ce. had a color value equivalent to 11.7 mm. (CR-MO) 


The color was exactly like that produced by histidine. The 
duplicates checked exactly. This, by table, is equivalent to 
0.0000234 gm. of histidine dichloride per 0.10 cc. or O.117 gm. 
per entire 500 cc. of test liquid. This is equal to 0.0796 gm. of 
histidine base in 3 gm. of casein if no correction is made for the 
solubility of histidine phosphotungstate. We have found that 
0.00571 gm. of histidine remains in solution in 200 ec. of precipi- 
tution liquid under these conditions; therefore casetn—3 qgm.— 
contains O.OS5I31T gm, of histidine which ts 2.84 per cent. 


Kdestin. 
Weight dried at 110°, gm................. 3.0000 
Precipitation volume, cc.................. 200.0 
Volume of the test liquid, ce............. 1.0000 


Colorimetric readings: 
0.10 ee. had a color value equivalent to 6.3 mm. 


Histidine dichloride by table, gm........ 0.126 
base in test liquid, gm.......... 0.0856 
Solubility correction blank, gm........... 0.00571 
Histidine in edestin sample, gm........... 0.09151 
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Horse Hemoglobin.” 


Sample 1.—Horse hemoglobin—1.9000 gm.—that had been 
dried in vacuo over sulfuric acid for 48 hours, was analyzed for 
histidine by the method outlined in the introduction. The 
volume of the pale vellow test liquid was 1,000 cc. Of this solution 


0.10 ec. had a color value equivalent to 12.0 mm. (CR-MO) 


The color was exactly like that produced by histidine. This, by 
table, is equivalent to 0.24 gm. of histidine dichloride —0.1632 
gm. of histidine base—for the entire 1,000 ec. of test liquid. This 
value must be raised by 0.00571 gm.; the solubility correction 
blank; therefore horse hemoglobin—1.9000 gm.—contains 
gm. of histidine which is equal to 8.9 per cent. 

Sample 22%—The air-dried material-——-2.0000 gm.—was dried 
in vacuo over sulfuric acid for 48 hours. The solid so obtained— 
1.8664 gm.—-was heated to constant weight at 110°. The final 
product-—1.8430 gm.—-was then analyzed for histidine by the 
previously described method. ‘The volume of the test liquid was 
1,000 ee. of which 


0.10 ec. had a color value equivalent to 11.38 mm. (CR-MO) 


This, by table, is equivalent to 0.226 gm. of histidine dichloride 
0.1536 gm. of histidine base—for the entire 1,000 ec. of test 
liquid. ‘To this must then be added 0.00571 gm., the solubility 
eorrection blank; therefore this sample of horse hemoglobin— 
1.8430 gm.—contained O1593 am. of histidine which is equal to 
8.05 per cent. 


Cat Hemoglobin. 
Duplicate analyses were carried out on the same sample. 


‘2 The four varieties of hemoglobin were kindly furnished by W. H. 
Welker, Professor of physiological chemistry, University of Illinois, 
Medical Department. 

‘3 The two samples of hemoglobin differed both in color and in physieal 
structure. 
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Second Analysis. 


vacuum-dried, gm............. 1.8742 
Precipitation volume, cc.............. 200 .00 100.0 
Volume of the test liquid, ce.......... 1,000 .00 1,000.0 
Colorimetric readings: 
0.10 ec. had a color value equiva- 
0.20 ce. had a color value equiva- 
Histidine dichloride by table, gm...... Q 224 0.136 
. base in test liquid, gm...... 0.1522 0.0925 
Solubility correction blank, gm........ 0 QO571 0 00285 


Histidine in hemoglobin sample, gm... 
Histidine in hemoglobin sample, per 


Sheep Hemoglobin. 


Weight vacuum-dried, gm......... 
Precipitation volume, cc................... 
Volume of test liquid, ce............. 
Colorimetric readings: 


0.10 ee. had a color value equivalent to.. 


Histidine dichloride by table, gm.......... 
3 base in test liquid, gm........... 
Solubility correction blank, gm............ 
Histidine in hemoglobin sample, gm........ 


Ox Hemoglobin. 


Colorimetric readings: 
0.10 ce. had a color value equivalent to.. 


Histidine dichloride by table, gm.......... 
” base in test liquid, gm........... 
Solubility correction blank, gm............ 
Histidine in hemoglobin sample, gm....... 


0.1579 0 09555 


S50 S55 


2 
200 0 
1,000.0 


2.5mm. (CR-MO) 
5.0 (CR-MO) 
250 

0.170 

OO5T71 

0.17571 

8.8 


1 8640 

1.2690 

1.2542 
150.0 
1,000.0 


~ 


7.0 mm. (CR-MO) 
14.0 “ (CGR-MO) 
0.140 

0.0952 

OO428 

0 09948 

7.93 


4 This sample charred slightly while it wa 


s being hydrolyzed. The 


percentage of histidine may, therefore, be somewhat low. 
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; Whole Blood (Normal Human). 
Whole blood—exactly 10 ce.—to which a few crystals of am- 
) monium Oxalate had been added to prevent coagulation, was 
mixed with 15 ce. of 87 per cent hydrochloric acid and hydrolyzed 
: in the customary manner. The resulting liquid was then ana- 
. . . . . 
; lyzed for histidine by using the method outlined in the introduction. 
Precipitation volume, 200.0 
ii Volume of test liquid, ce................... 1,000.0 
Colorimetric readings: 
0.10 ec. had a color value equivalent to.. Il.1 mm, (CR-MO) 
' Histidine dichloride by table, gm.......... 0.222 
os base in test liquid, gm........... 0.1516 
Solubility correetion blank, gm............ 0.00571 
Histidine in 10 ec. of blood, gm........... 0.15731 
Blood Serum (Normal Human). 
| Whole blood—about 30 ce.--was drawn into a centrifuge tube 
; and allowed to clot slowly in the ice chest. The mixture was 
| centrifuged to free the serum as completely as possible from 
fibrin and blood cells. The perfectly clear, pale vellow serum—- 
| exactly 10 ec.—-was withdrawn by means of a pipette, mixed 
with 15 ce. of 37 per cent HCI, and hydrolyzed in the customary 
; manner. The resulting liquid was then analyzed for histidine 
: by using the method outlined in the introduction. 
| Colorimetric readings: 
a 0.25 ec. had a color value equivalent to... 6.5 mm, (CR-MO) 
Histidine dichloride by table, gm............ 0.0260 
; " base in test liquid, gm............. 0.01767 
j Solubility correction blank, gm.............. 0.00571 
e Histidine in 10 ce. of serum, gm............ 0.02338 
0.2338 


? 
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In a series of articles published recently' we communicated a 
method by means of which small quantities of histamine, 8-imi- 
dazolvlethylamine, can be accurately determined in a_ simple 


t KXoessler, K. K., and Hanke, M. T., J. Biol. Chem., 1919, xxxix, 497, 
521, 539. 
543 


a ¢ 
} 
iva 
| 
+ 
tg 


i 
4 
és 
‘ a 
4 
i 
<4 
% 
$4 
& 
¥ 
t 


544 Studies on Proteinogenous Amines. VIII 


synthetic culture medium. We stated at that time, that the 
method as it was employed in the bacterial metabolism studies 
was not applicable, in its entirety, to more complex mixtures 
such as blood and urine. ‘The present communication contains 
the description of a purely chemical method by means of which 
the histamine content of tissues and other protein-containing 
matter can be accurately determined. 


I. Description of the Method, 


!. Preliminary Treatment of the Material.—A dry solid was 
usually hydrolyzed immediately without preliminary treatment. 
A hydrated tissue, like blood, liver, or hypophysis, was mixed 
with sufficient alcohol to give a final aleohol concentration of 
75 per cent. A few drops of acetie acid were then added and the 
resulting mixture was heated on the water bath for 1 to 2 hours, 
to extract the free histamine and to coagulate the proteins. The 
mixture was then cooled and filtered on a Buchner funnel, the 
residue being washed with 95 per cent aleohol. This divides 
the material into two fractions, the alcoholic extract A and the 
alcohol-insoluble residue R. Each fraction is then freed from al- 
cohol by heating on the water bath after which it is ready to 
hydrolyze. 

2. Hydrolysis.-The dry solid is mixed with ten to twenty 
parts of 20 per cent hydrochloric acid and hydrolyzed by boil- 
ing, under a reflux condenser, for 30 hours over an electrically 
heated sand bath. 

3. Removal of the Hydrochloric Acid.-Yhe hydrochloric acid 
is removed by distillation zn vacuo at 60° from the same flask. 
The residue is finally dried in vacuo at 80° for 1 hour. 

4. Removal of Ammonia,--The residue is dissolved in ten to 
twenty parts of water and the solution treated with an excess of 
lime and a volume of 95 per cent alcohol equal to one-half the 
volume of the water added. The mixture is then subjected to 
a distillation 7n vacuo at 40° until its volume has been reduced to 
about one-half. This removes the ammonia completely. 

5. Removal of Humin, The mixture is filtered, on a Buehner 
funnel, from humin and excess lime, the precipitate being carefully 
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washed with a large excess of hot water until the washings give a 
negative Pauly reaction. 

6. Preparation of the Phosphotungstates——The alkaline filtrate 
is acidified by adding a slight excess of hydrochloric acid. The 
resulting clear liquid is then evaporated to dryness on the water 
bath in a glass dish. Because of the variability in the quantity 
and quality of the original protein-containing matter, a concise 
statement cannot be made as to the amount of phosphotungstic 
acid to employ. In general, 4 gm. of phosphotungstie acid are 
sufficient to precipitate the hexone bases from 1 gm. of dry pro- 
tein. A quantity of phosphotungstie acid equal to twice the 
weight of the total solids of a hydrated tissue is usually sufficient 
to precipitate completely the hexone bases. In all cases the 
concentration of the hydrochloric acid should be 9 ee. of the 
37 per cent acid per 100 ce. of precipitation liquid. The final 
volume of the precipitation liquid should not exceed 2,000 ce. 
The phosphotungstates are prepared at water bath temperatures 
and the mixture is then allowed to cool slowly to room tempera- 
ture after which it is cooled in an ice bath for 24 hours and filtered 
with suction. The precipitate is washed with an ice-cold fluid 
containing 18 ec. of 37 per cent hydrochloric acid and 15 gm. of 
phosphotungstic acid per total aqueous volume of 200 ee. 

?. Decomposition of the Phosphotungstates-—The  phospho- 
tungstate precipitate which contains the histamine, together with 
histidine, arginine, lvsine, evstine, tvramine, and possibly other 
amines, is suspended in a large volume of hot water —500 to 
4,000 ce.—and treated with an excess of a hot saturated solution 
of baryta. The resulting mixture is digested for 1 hour on the 
water bath, after which it is cooled in tap water and filtered on a 
Buchner funnel, the precipitate being thoroughly washed with 
hot water. The filtrate is heated on the water bath and freed 
from excess barium by the careful addition of N HeSO,y. The 
mixture is filtered hot through a folded filter. The filtrate, 
which should contain a trace of barium, is then evaporated to dry- 
ness in a glass dish. The residue is dissolved in the smallest 
possible quantity of water, the solution transferred to a grad- 
uated evlinder, and made up to the smallest convenient volume — 
10 to 100 ec. (Liquid 7). 
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S. Extraction of Histamine with Amyl Alcohol. First Colori- 
metric Determination.—-10 ec. of Liquid 7 are transferred to a 
glass-stoppered, shake out bottle? mixed with 3 gm. of solid 
sodium hydroxide, and extracted six times with redistilled® amyl 
alcohol using 20 ec. for each extraction. The combined amyl 
alcohol extracts are then extracted five times with N HeSO, 
using 20 cc. for the first and 10 ce. for each of the remaining four 
extracts. This process is repeated until all Liquid 7 has been 
extracted. 

The combined acid extracts are heated on the water bath and 
exactly neutralized with baryta. The hot mixture is filtered 
from barium sulfate, and the filtrate evaporated to dryness in a 
small glass dish. This residue contains all the histamine. Be- 
cause of the concentrated character of Liquid 7, a very small 
quantity of the amino-acids also passes into the amyl alcohol as 
sodium salts. A colorimetric determination is always positive 
at this point, because of the presence of histidine. To remove 
the histidine entirely, the residue obtained above is transferred 
to the shake out bottle with 10 ce. of water, the solution treated 
with 3 gm. of solid sodium hydroxide, and extracted with amyl 
alcohol as above. The sulfuric acid extracts finally obtained are 
neutralized exactly with baryta. The mixture is filtered from 
barium sulfate and the filtrate, which should contain no barium, 
is evaporated to dryness in a small glass dish. The pale vellow 
residue is dissolved in water and diluted to 25 or 50 ce. Hista- 
mine is then estimated colorimetrically in this fraction using the 
method previously described by us.' If the colorimetric test 
indicates the presence of histamine, the remaining liquid is 
treated according to Section 9 below. If there is the slightest 
reason to believe that some of the histidine has again been ex- 


tracted by the amyl alcohol, which will be apparent from the 


speed of the color development,' a third extraction with amyl 
alcohol should be carried out. When these extractions are 
properly conducted the histamine always passes quantitatively 
into the amyl alcohol. 

* For a detailed description of this extraction process see Koessler ana 


Hanke,! pp. 525-529. 
‘It is best to distill the amy! alcohol in vacuo, 
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9, Precipitation with Silver Nitrate and Baryta. Second Colori- 
metric Determination .—The liquid obtained under Section 8 is 
diluted to 100 ce. in a 300 ee. Pyrex flask and mixed with 5 ce. 
of a 20 per cent silver nitrate solution. ‘To the clear liquid is 
then added barium hydroxide—S gm.-——dissolved in 50 ce. of 
warm water. The resulting dark brown mixture ts filtered with 
suction on a platinum cone. The precipitate is washed with 
50 ec. of a cold saturated solution of baryta. The filtrate should 
be clear. This divides the material into two fractions, the silver 
precipitate, which contains the histamine, and the silver filtrate, 
which although it can contain only traces of histamine seems 
almost invariably to contain substances that are physiologically 
active. 

The silver precipitate is suspended, with the filter paper, in 
50 ce. of water and mixed with 3 ec. of 37 per cent HCl and 
enough of a 20 per cent NasSQO, solution to remove the barium 
completely. The mixture is digested on the water bath for 1 
hour after which it is filtered and the precipitate washed with hot 
water. The clear colorless filtrate is neutralized exactly with 
sodium hydroxide and evaporated to a small volume in a glass 
dish. The colorless to pale vellow liquid is diluted with water 
to 25 or 50 ee. Histamine is then estimated colorimetrically in 
this fraction. If the test shows the presence of histamine, this 
‘an be verified biologically on 5 ce. of the liquid and chemically 
on 20 ce. of the liquid according to Section 10. 

This precipitation with silver nitrate and baryta is necessary 
for two reasons. ‘Test Liquid 8 occasionally contains substances 
that interfere with the color reaction to such an extent that an 
accurate determination of histamine is impossible. Such inter- 
ferring substances appear to be of two kinds; namely, those that 
inhibit the production of color by histamine without giving a 
color themselves, and those that impart a vellow or green color 
to the liquid which, of course, makes a perfect match impossible. 
These interfering substances were always found to remain in. the 
silver filtrate; the histamine appears quantitatively in the silver 
precipitate. 

Although one is accustomed to think of histidine, histamine, 
tvrosine, and tyramine as the only substances that give a positive 
Pauly reaction, certain of the body tissues appear to contain 
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small quantities of other substances that give a very similar 
color reaction. ‘These substances are at least partially removed 
by the precipitation with silver nitrate and baryta. 

10. Extraction of Histamine by Means of Chloroform and Methyl 
Alcohol. Third Colorimetric Determination.— The liquid obtained 
under Section 9—20 ce.—is evaporated to dryness tn vacuo in a 
500 ec. long necked, round bottomed flask. The perfectly dry 
residue is treated with 10 ec. of chemically pure methyl alcohol 
and 0.50 gm. of potassium hydroxide. The alkaline liquid is 
then treated with 200 ec. of redistilled chloroform and placed in 
the ice chest for 15 hours. The mixture is filtered through a 
small folded filter. The precipitate is washed with 200 ec. of 
hot chloroform. The chloroform extracts are mixed with a few 
drops of 37 per cent HCl and subjeeted to a vacuum distillation 
to remove the chloroform and the methyl alcohol. The residue 
is dissolved in water and redistilled 7m vacuo to remove the methyl 
alcohol completely. The residue finally obtained is dissolved 
in water, diluted to 20 ce., and examined colorimetrically for 
histamine. 

A final purification of the histamine by means of chloroform in 
doubtful cases seemed desirable because of the fact that chloro- 
form, although it dissolves histamine, will not dissolve many 
substances that are soluble in amy! aleohol. We tried first to 
extract histamine from the dry residue obtained by evaporating 
a histamine solution—1 cc. of a 1 per cent solution—with 2 gm. 
of sodium carbonate. The quantity of histamine that passed 
into the chloroform varied from 60 to SO per cent of the starting 
material when the extractions were carried on for 24 hours in a 
Soxhlet extractor under apparently identical conditions. 

When lime was used in place of sodium carbonate, only 27 per 
cent of the histamine passed into the chloroform. 

We tried then to extract histamine from an alkaline aqueous 
solution by means of chloroform. This proved to be imprac- 
tical because histamine is too soluble in water and too little 
soluble in chloroform. Such an extraction would be almost 
endless. 

The following principles are incorporated in the successful proc- 
ess that was deseribed in detail above. Methyl alcohol is a 
good solvent for histamine, salts of histamine, and potassium 
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hvdroxide. When methyl alcohol is used in conjunction with 
potassium hydroxide, the histamine is brought into solution as 


free base; so there is no possibility of its being occluded by chlo- 


roform-insoluble substances. The addition of chloroform to the 
methvl aleohol solution of histamine precipitates inorganic salts 
and most of the potassium hydroxide but the histamine remains 
in solution. 


II. Proof that Histamine can be Quantitatively Recovered by the 
Methods Described in Sections 6, 7, 9, and 10 of Part I. 


1. Histamine Quantitatively Precipitated by Phosphotungstic 
AAcid.—Phosphotungstie acid-—-387 @m.—and 387 per cent hydro- 
chlorie acid—45 ce.—were dissolved in water and the solution 
was diluted to 500 ce. Histamine dichloride* solution—0O.50 ce. 
of a L per cent solution—was then added to the above liquid. 
The resulting mixture was cooled in an ice bath for 2 hours and 
filtered with suction. The precipitate was suspended in 200 ee. 
of hot water. The remaining steps were carried out as described 
in Section 7, Part I. The residue finally obtained was dissolved 
in water and the solution diluted to 100 ce. Of this solution 


0.20 ce. had a color value equivalent to 7.5 mm. (CR-MO) 
“15.0 “ (CR-MO) 


which, by table, is equivalent to 0.0050 gm. of histamine dichlo- 
ride, 100 per cent of the amount introduced. 

From this experiment it would seem that histamine phospho- 
tungstate ts practically insoluble in the precipitation liquid employed 
at a temperature of O°. This conclusion was verified by perform- 
ing a qualitative Pauly reaction on 10 ce. of the filtrate from the 
histamine phosphotungstate. The reaction was entirely negative. 

2. Histamine Quantitatively Precipitated by Silver Nitrate and 
Baryta.—The liquid obtained above—100 ce.—which still con- 
tained 5 mg. of histamine dichloride, was precipitated with silver 
nitrate and baryta as described in Section 9, Part I. The liquid 


*See Koessler, K. K., and Hanke, M. T., J. Am. Chem. Soc., 1918, xl, 
1716, for a description of the method used in preparing the histamine 
dichloride. 
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finally obtained after removing the silver and barium from the 
silver prec?pitate, was diluted to 100 ce. Of this solution 


5mm. (CR-MQO) 


0. 20.ec. had a color value equivalent to 
: 5.0 “ (CR-MO) 


which, by table, is equivalent to 0.0050 em. of histamine dichlo- 
ride for the entire test liquid, 100 per cent of the amount origi- 
nally introduced. 

This experiment proves that histamine is quantitatively preci pi- 
fated by silver nitrate and baryta under the conditions specified 
above 

3. kyxutraction of Histamine by Means of Chloroform and Methyl 
Alcohol.— Mistamine dichloride solution— 1.00 ee. of a 1 per cent 
solution—was evaporated to dryness in vacuo in a 500 ce. long 
necked, round bottomed flask. The dry residue was then treated 
as described in Section 10, Part I. The residue finally obtained 
by distillation of the chloroform extracts was dissolved in water 
and diluted to 100 ce. Of this solution 


0.10 ce. had a color value equivalent to 7.2 mm, (CR-MO) 


which, by table, is equivalent to 0 0096 gm. of histamine dichlo- 
ride, 96 per cent of the amount originally introduced. 


III. The Method Applied to Casein with and without the Addition 
of Histamine. 


The search for histamine in a pure protein would seem super- 
uous if it were not for the fact that Abel and Kubota?’ have 
recently claimed to have found i, or a physiologically and chem- 
ically similar homologue, as a constituent of casein, egg albumin, 
and edestin. We were not entirely convinced that the physiolog- 
ically active substance obtained by the above authors was hista- 
mine, because they did not identify their substance as histamine 
chemically and because the presence of this amine as a normal 
constituent of a pure protein, that has not been allowed to putrety, 
seemed rather improbable. Since casein of high purity is easily 


' Abel, J. J., and Kubota, 8., J. Pharmacol. and Exp, Therap., 1919, 
xill, 2438. 
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prepared, we decided to use this protein as one check on the 
accuracy of our method. 


Analysis of Casein for Histamine. 


Carefully purified casein—40 gm.—prepared from fresh 
skimmed milk, was mixed with 800 ec. of 20 per cent hydro- 
chlorie acid and hydrolyzed by boiling for 30 hours. 

The hydrochloric acid, ammonia, and humin were removed 
as described in Sections 3, 4, and 5, Part I. 

The phosphotungstates were precipitated from a total volume 
of 2,000 ce. with 150 gm. of phosphotungstic acid. The pre- 
cipitation liquid contained 180 ec. of 37 per cent HCI. 

The phosphotungstate precipitate was suspended in 4,000 cc. 
of hot water and freed from phosphotungstic acid, excess barium, 
ete., as described in Section 7, Part I. The final volume of 
Liquid 7 was 20 cc. 

The double amy] alcohol extraction of Liquid 7 was carried out 
as described in Section 8, Part I. The final volume of the test 
solution was 200 cc., of which 0.20 ec. had no color value and 
1.00 cc. gave a pale green color that was quite unlike that of an 
imidazole and which resembled that produced by ammonia and 
the aliphatic amines. An accurate comparison with the stand- 
ard indicator solution was, of course, impossible. By comparing 
intensities, the green color was found to have an intensity value 
equivalent to about 3.0 mm. (CR-MO). 

There can be little doubt that this sample of casein contained 
no histamine. If the above green color is, nevertheless, ascribed 
to histamine, 0.0008 gm. of this amine, calculated as hydrochlo- 
ride, is the maximum amount that could have been present in 
40 gm. of casein. 

The remainder of the test liquid was evaporated to dryness in 
a small glass dish. The residue was dissolved in 2 ec. of water 
and the solution injected into a cat that had been anesthetized 
and prepared so that a blood pressure and respiratory tracing 
could be obtained at the same time.® The tracing obtained, 

®* In obtaining the blood pressure tracings in this and in the subsequent 
work we enjoyed the aid of our colleague, Dr. Julian H. Lewis, which we 


herewith thankfully acknowledge. 
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Fig. 1, shows that the injection produced a drop in blood pressure 
entirely similar to that produced by histamine. Some subst ance 
or substances are present that behave very similarly to histamine 


lic. 1. Blood pressure tracing obtained by injecting the entire amyl 
alechol extract and 40 gm. of casein into the femoral vein of a cat. 


pharmacologically. We have, therefore, been able to verify the 
pharmacological findings of Abel and Kubota as illustrated in 
Fig. 16 of their article; but we cannot conelude with them that 
casein contains histamine. 
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Histamine That Has Been Added to Casein Can Be Recovered 
Quantitatively. 


To be certain that our method would recover a small quantity 
of histamine and that our conclusions concerning casein were 
correct, another experiment was conducted on 40 gm. of casein 
exactly like the one that has just been described excepting that 
0.01 gm. of histamine dichloride was mixed with the casein 
before hydrolysis. The final volume of the test liquid was 100 
ec., of which 

0.05 ec. had a color value equivalent to 4.0 mm. (CR-MO) 


0.20 se 46 sé sé 15 2? (CR-MO) 


The color for the 0.05 and 0.10 ec. portions was exactly like 
that produced by histamine. The color obtained with the 0.20 
ec. portion was slightly vellow, and, as can be seen from the above 
value, there was a slight interference with the color production 
in this case. Since the values obtained with the two smaller 
portions checked exactly, the calculations were based upon the 
0.10 ec. portion. The reading obtained is equivalent to 0.0107 
gm. of histamine dichloride for the entire test liquid which is 
107 per cent of the amount actually introduced. Hydrolyzed 
casein alone gave a green color, the intensity value of which was 
equivalent to 0.0008 gm. of histamine dichloride. This quantity 
must, therefore, be subtracted from the above gross value to 
obtain the amount of histamine dichloride actually recovered 
which is 0.0099 gm. or 99 per cent of the amount actually intro- 
duced. 

From these two experiments we conclude that the method gives 
reliable results and that casein contains no histamine although a 
substance pharmacologically similar to histamine can be split from 
casein by acid hydrolysis. 
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IV. The Method Applied to Human Blood Serum after the Addition 
of Histamine. 


Human blood serum*—75 ce.—was mixed with 0.50 cc. of a 
1 per cent solution of histamine dichloride. The resulting solu- 
tion was then treated with 225 ec. of 95 per cent alcohol and a 
few drops of glacial acetic acid. The mixture was digested for 1 
hour on the water bath, cooled to room temperature, and filtered 
with suction, the coagulum being washed with 95 per cent alcohol. 
This divided the material into two fractions, the alcoholic extract 


A and the alcohol-insoluble residue R. 


Alcoholic Extract A. 


The alcoholic extract was freed from water and alcohol by 
distillation 7m vacuo at 50°. The dry residue was treated with 
100 ec. of 20 per cent HCl and hydrolyzed as usual. The material 
charred considerably during the process of hydrolysis. 

The hydrochloric acid, ammonia, and humin were removed as 
described in Part I. The phosphotungstates were precipitated 
from a total volume of 200 ec. with 15 gm. of phosphotungstic 
acid. The phosphotungstate precipitate was suspended in SOO 
ec. of hot water and freed from phosphotungstice acid with baryta. 
The final volume of Liquid 7 was 10 ce. 9 The double amy! alco- 
hol extraction of Liquid 7 was carried out as described in Part I. 
The final volume of the test solution was 50 ec., of which 


0.10 ce. had a color value equivalent to 5.2 mm, (CR-MO) 


The color was exactly like that produced by histamine; but the 
two readings did not check exactly. A precipitation with silver 
nitrate and baryta was, therefore, conducted to remove the 
interfering substances. 

The precipitation with AgNO, and baryta was carried out as 
deseribed in Section 9, Part I. 

The final volume of the test liquid was 50 cec., of which 


0.10 ec. had a color value equivalent to 5.2 mm. (CR-MOQO) 


7 Asample of this serum was analyzed for histamine by the direct process 
described on p. 544. The serum contained no histamine. 
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This, by table. is equivalent to 0.0035 gm. of histamine dichlo- 
ride. 
Alcohol-Insoluble Residue R. 


The dried material was mixed with 200 ce. of 20 per cent HC! 
and hydrolyzed as usual. 

The hydrochloric acid, ammonia, and humin were removed as 
deseribed in Part I. 

The phosphotungstates were precipitated from a total volume 
of 400 ec. with 40 gm. of phosphotungstic acid. The precipitate 
was suspended in 2,000 ce. of water and freed from phospho- 
tungstic acid and barvta. The final volume of Liquid 7 was 
20 ce. 

The double amyl alcohol extraction of Liquid 7 was carried 
out as deseribed in Part I. The final volume of the test solution 
was 50 ec. of which 1.0 cc. had an intensity value of 4.2 mm. 
The color was far too yellow for histamine. <A further purifica- 
tion of this fraction was effected by means of a silver precipitation. 

The precipitation with AgNO, and baryvta was carried out as 
described in Section 9, Part I. The final volume of the test 
liquid was 50 ee., of which 


0.50 ec. had a color value equivalent to 2.1 mm, (CR-MO) 
“4.2 “ (CR-MO) 


The color was too vellow for histamine but the time of develop- 
ment was correct for this imidazole. This, by table, is equiva- 
lent to 0.0003 gm. of histamine Cl. for the entire test liquid. 

In this experiment, 3.5 mg. of histamine dichloride appeared 
in the alcoholic extract and 0.3 mg. appeared in the alcohol- 
insoluble residue. The total recovery was 3.8 mg. Since 5 mg. 
were originally introduced, 1.2 mg. of histamine dichloride were 
lost somewhere in the process. We have previously shown! 
that histamine is readily adsorbed by charcoal. The aleoholie 
extract A charred considerably during the process of hydrolysis: 
so it is possible that the 1.2 mg. of histamine Cl. were adsorbed 
by the charcoal formed at this time. To prove that this state- 
ment is correct, the following experiment was carried out in which 
the possibility of charcoal formation was entirely eliminated. 

The same sample of blood serum —-75 ce.-was mixed with 
0.50 ec. of a 1 per cent solution of histamine dichloride. The 
resulting solution was treated with 225 ee. of 95 per cent alcohol 
and a few drops of glacial acetic acid. The mixture was digested 


LOW 


| 
ary 
2 
big, 
= 
Bx, 
| 


556 Studies on Protemogenous Amines. VIII 


for 1 hour on the water bath, cooled to room temperature, and 
filtered with suction, the coagulum being washed with 95. per 
eent alcohol. The alcoholic extract A was evaporated to dryness 
in a small glass dish. The residue was transferred to the shake 
out bottle with 10 ce. of water and the solution treated with 3 
gin. of solid NaOH. 

A double amyl! alcohol extraction was then carried out® as 
deseribed in Section 8, Part I. The final volume of the test 
liquid was 100 ec., of which 

0.20 ec. had a color value equivalent to 7.2 mm. (CR-MO) 

The color was exactly like that produced by histamine. This, 
by table, is equivalent to 0.0048 em. of histamine dichloride. 
Since the aleohol insoluble residue was previously proved to 
adsorb the equivalent of 0.0003 gm. of histamine dichloride, the 
total recovery in this case was 0.0051 gm. as against 0.0050 gm. 
actually introduced. 

This leaves little doubt that the 1.2 mg. of histamine dichloride 
that were lost in the hydrolysis experiment had been adsorbed 
by the charcoal that was formed during the process of hydrolysis. 


SUMMARY. 


1. A colorimetric method is described by means of which 
quantities of histamine (9-imidazolvlethyvlamine) as small as 0.1 
mg. ean be accurately determined in protein and protein-contain- 
ing matter. 

2. The presence of histamine could not be demonstrated in 
1) gm. of casein by this method. 

3. Casein contains a depressor substance that is similar to 
histamine pharmacologically. 

4. Histamine, that has been added to casein before the latter 
is hydrolyzed, can be recovered quantitatively. 

5. The presence of histamine could not be demonstrated in 
79 ce. of human blood serum by this method. 

6. Histamine that has been added to the blood serum before 
the latter is hydrolyzed can be recovered quantitatively. 


>We wish to call attention to the fact that in this case Steps 2 to 8 
of the general process described in Part I have been eliminated. Although 
this process is very simple and rapid, it can be used onlv to estimate loosely 
combined histamine. Peptamine histamine would probably not pass into 
the amy! alcohol. 
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STUDIES ON PROTEINOGENOUS AMINES. 


IX. IS HISTAMINE A NORMAL CONSTITUENT OF THE 
HYPOPHYSIS CEREBRI ? 


By MILTON HANKE KARL Kk. KOESSLER. 


(From the Otho S. A. Spraque Memorial Institute and the Department of 
Pathology, University of Chicago, Chicago.) 


(Received for publication, June 21, 1920.) 
INTRODUCTION, 


The physiological activity of extracts of the hypophysis has 
been a subject of constant investigation since Oliver and Schafer 
discovered in IS95 that such extracts had the power of raising 
the blood pressure of animals on intravenous injection. Howell, 
3 vears later, brought experimental proof that it was onlv the 
posterior part of the hypophvysis which possessed this pressor 
aetion. This elevation of pressure seemed to result from the 
direct action of the aetive substance upon the involuntary muscle 
of the heart and arteries without the intervention of the svmpa- 
thetic nervous system. This specifie affinitv of the active prin- 
eiple of the hvpophysis for the smooth muscle tiber cell was 
confirfned anew through the important diseovery of Dale that 
pituitarv extracts have the faculty of producing intense contrac- 
tions of the uterus. The detection of this oxytocic action lead to 
the introduction of pituitary extracts into human therapeutics. 
Since then, the isolation of the active principle of the hypophvsis 
has been repeatedly attempted by biochemists.’ Although our 
knowledge has been greatly increased by these investigations, 
the actual chemical composition of the active principle of the 
hvpophysis is still unknown. 


' For a review of the work and literature on the chemistry of the pitul- 
tary gland see Crawford, A. C., J. Pharmacol. and Exp. Therap., 1920, 
xv. SI. 
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There are two facts that seem to stand out from the sum total 
of these investigations. The active principle of the gland behaves 
like an amine, and it seems always to be associated with an 
imidazole derivative. These two chemical properties claimed for 
the active principle of the hypophysis, in conjunction with the 
physiological activity of the extracts on the uterus, suggested a 
connection with 8-imidazolylethvlamine (histamine). Since this 
amine is derived from histidine by decarboxvlation, Barger 
suggested that “The pituitary active principle is possibly a 
polypeptid like derivative of histidine.” Decarboxyvlated poly- 
peptides of this tvpe have been synthetized by Guggenheim who 
proposed for them the name peptamines. They show the same 
physiological behavior as the amine from which they are derived; 
but to a much less degree. 

This whole question seemed to be definitely settled in a very 
simple manner when Abel and Kubota® published a paper in 
which they state that ‘histamine is the plain musele-stimulating 
and depressor constituent of the posterior lobe of the pituitary 
gland.” This statement is based upon the actual isolation and 
identification of 18 mg. of histamine dipicrate from 1 pound of 
dried substance of the whole pituitary gland. It is difficult to 
accept the conclusions of these authors, because of the differences 
in chemical as well as physiological behavior of pituitary extracts 
and histamine. 

There is a widespread conception that histamine is a very labile 
substance. Thus, for example, Myers and Voegtlin® suggested 
recently in connection with some work on the chemical isolation 
of vitamines that the physiological activity of crystalline 
product containing histamine or histamine-like substances was 
destroyed by drying. This certainly does not hold true for 
histamine; for this amine loses none of its physiological activity 
when it is dried at room temperature or at a temperature of LOO° 
in air or 7n vacuo. We have shown in a previous publication 
that histamine, when it is heated on the boiling water bath with 
concentrated sodium hydroxide for 7 hours, is only destroved to 


2 Abel, J. J., and Kubota, S.. J. Pharmacol. and kxp. Therap., 1919, xiii, 
243. 

Myers, C. N., and Voegtlin, C., Proc. Nat. Acad, Se., 1920, vi, 3. 

4 Koessler, K., and Hanke, M. T., J. Biol. Chem., 1919, xxxix, 539. 
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the extent of 7.5 per cent, while 10 hours of boiling with hot 
concentrated hydrochloric acid leaves the histamine unchanged. 
(;uggenheim® showed in 1914 that the pressor and oxytocic 
properties of ‘‘pituglandol”” are completely even by 
dilute alkah-—2.0 n NaQOH-—at room temperature, while the 
phvsiological activity of histamine on bronchi and blood pressure 
Was not in the least impaired by the same treatment. The dif- 
ferences n physiological activity of the extracts of the hypophvsis 
and of histamine, with especial regard to their broncho-con- 
strictor action, have been admirably discussed by Jackson and 
Mills." 

experiments on cases of diabetes insipidus in man have shown 
that the reaction of the pituitary extract in suppressing the 
polvuria for days cannot be duplicated by injections of histamine 
(Rowntree). 

The typical urticaria-like wheal produced on application of 
histamine to the searified skin of man cannot be obtaimed with 
pituitary extracts.’ 

We have developed quantitative methods, in our laboratory, 
for the estimation of histamine and other imidazoles in tissues 
and were applying these methods to a detailed study of the 
presence of histamine in the animal organism at the time of the 
appearance of the article by Abel and Kubota. Considering the 
far reaching importance of the hypophysis problem it seemed 
to extend our research to the hypophysis. From. the 
results of this part of our work we have to conclude that the 
perfectly fresh hypophysis contains no histamine. Still there can 
be no question that Abel and Kubota isolated histamine from 
the pound of pituitary substance which they secured in a dry 
stute on the market. The question is, how did the histamine 
get into the pituitary material used by these investigators? It 
isa well known faet* that histamine is readily formed from histi- 
dine by the action of certain putrefactive microorganisms; and 
histidine is a normal constituent of practically all protein of 
animal origin. The method used at the slaughter houses for 

M., Biochem. 1914, 189. 


Jackson, D. E.. and Mills, C. A., J. Lab. and Clin. Med., ve 1. 
*Sollmann, T.. and Pilcher, J. D., J. Pharmacol. and Rap. Therap.., 


ix, 309, 
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preparing dried glandular products gives ample opportunity for 
changes, both autolytic and bacterial. Our work on the relation 
of histamine to peptone shock (page 567) emphasizes again how 
essential it is to control bacterial action and how imperative it is 
to work only with material that has been prepared by the investi- 
gators themselves. 

We have been able to demonstrate the presence of histamine 
in the liver and feces of one dog by the method used in the present 
investigation and we expect to report on this phase of the work in 
the near future; but we were unable to demonstrate the presence 
of the slightest trace of histamine in the hypophysis. On the 
basis of this work, the claim of Abel and Kubota to have found in 
histamine the plain muscle stimulating and depressor constituent of 
the posterior lobe of the pituitary gland seems to us untenable. 


EXPERIMENTAL, 
Collection of the Material. 


The perfectly tresh glands— beef—were collected at Swift and 
Company's Chicago plant. Thev were trimmed free from ex- 
traneous tissue, weighed, and dropped into boiling absolute 
sleohol approximately 25 minutes after the animal had been 
struck. ‘The total weight of the moist glands was 346 gm. 

The alcohol was removed by distillation 7 vacuo at 40°. The 
residue was put through a ‘ood chopper. The finely divided 
material was then digested for 2 hours with 2,000 ec. of 75 per 
eent aleohol to which a few ce. of glacial acetic acid had been 
added. The mixture was cooled and filtered with suction, the 
residue being washed thoroughly with 95 per cent alcohol. This 
divided the material into two fractions, the aleohohe extract A 
and the alcohol-insoluble residue R. 


The Aleoholic Eatract A. 


The alcohol and water were removed by distillation in vacuo 
at 50°. The residue was emulsified with hot water and diluted 
to 140 ce. in a graduated eyvlinder. This fraction might contain 
histamine either free or in the form of a peptamine. Since it 
seemed desirable to know not only how much histamine was 
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present but also the form in which it was present in the gland, 
this fraction was divided into two equal parts. One-half was 
extracted directly with amyl alcohol without hydrolysis, the 
other half was hydrolyzed, treated with phosphotungstic acid, 
and then extracted with amyl alcohol. 

Loosely Bound Histamine. Non-Hydrolyzed Alcoholic Extract 
A.—This fraction which was not hydrolyzed, was extracted 
with amyl alcohol, 10 ce. at a time, as described in Part I of the 
preceding article, page 544. The combined amyl alcohol ex- 
tracts were then extracted with nN HoSO,,? the acid extracts neu- 
tralized with baryta, the mixture was filtered from BaSO,, and 
the filtrate evaporated to dryness in a glass dish. The residue 
was transferred to a shake out bottle with 10 ce. of water. So- 
dium hydroxide--3 gm. -was added and the liquid extracted 
six times with 20 ec. of amyl alcohol. The combined amyl 
alcohol extracts were extracted with nN HoSO,, using 20 ec. for the 
first and 10 ee. for each of the remaining four extracts. The acid 
extracts were neutralized with baryta, the mixture was filtered 
from BaSQO,, and the filtrate, which was free from barium, was 
evaporated to dryness in a small glass dish. The residue was 
dissolved in water, the solution transferred to a 50 ce. graduated 
precision evlinder, and diluted with water to 50 ce. Of this 
solution 


0 20 ec. had a color value equivalent to 3.1} mm. (CR-MO 
50 ‘ se 7 5 (*R Avion 


The color resembled that produeed by histamine excepting in 
its time of development which was too rapid for histamine. 
This, by table, is equivalent to 0.001 gm. of histamine dichloride 
for the entire test liquid. 

The remaining liquid was subjected to a phosphotungstic acid 
precipitation as described in Sections 6, 7, and &, Part I, of the 
preceeding paper. A colorimetric determination showed that 
all the color-producing substance had been precipitated by the 
phosphotungstie acid, 


* The details of this process are given in Section 8, Part I, of the pre- 
ceding article. 
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The liquid was then subjected to a precipitation with silver 
nitrate and baryta as described in Section 9, Part I, of the pre- 
ceding paper. 

The fraction precipitated by silver was finally brought to a vol- 
ume of 50 ec. Of this solution 


0 50 ce. had no perceptible color value. 
1 OO ce. gave a very faint green color. 


This would indicate that the color-producing substance that 
was soluble in amyl alcohol and precipitated by phosphotungstic 
acid could not have been histamine because it did not give an 
pnsoluble silver compound, 

The silver filtrate, which contained the color-producing sub- 
stance, did not contract the excised virgin guinea pig uterus. 

We conclude, therefore, that the perfectly fresh hypophysis 
contains no loosely bound or free histamine. 

Peptamine Histamine. Hydrolyzed Alcoholic Extract A.-This 
fraction 70 ee., one-half of the entire aleoholic extract A--was 
mixed with 70 ce. of 37 per cent HCL and hydrolyzed by boiling 
for 30 hours over an electrically heated sand bath. The material 
was freed from HCl, NHs, and humin, precipitated with phos- 
photungstic acid,’ and extracted with amyl alcohol as described 
in Sections | to 9, Part T, of the preceding paper. 

The final volume of test Liquid S was 100 c¢e., of which 


0 50 ee. had a color value equivaient to 2 7 mm. (CR-MO) 


The color resembled that produced by histamine excepting in 
its time of development which was too rapid for histamine. 
This. by table, is equivalent to 0.00074 gm. of histamine dichlo- 
ride tor the entire test liquid. 

The remainder of the above solution was subjected to a precipi- 
tation with silver nitrate and baryta as described in Section 9, 
Part I, of the preceding paper. The fraction precipitated by 
silver was finally brought to a volume of 50 ce., of which 

0 50 ce. had a color value equivalent to 2.0mm. (CR-MQO) 


“38 “ (CR-MO) 


* The volume of the precipitation liquid was 250 ec, 20 gm. of phospho- 


tungstie acid were employed. 
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This, by table, is equivalent to 0.00025 gm. of histamine dichlo- 
ride for the entire test liquid. 

The remaining liquid was evaporated to dryness. ‘The residue 
was dissolved in 5 ce. of water. Of this solution, 1 ce. did not 
contract the excised virgin guinea pig uterus. This proves that 
the alcoholic extract from the hypophysis contained no histamine. 
The slight color value of this fraction, which we found to be 
equivalent to 0.00025 gm. of histamine dichloride, must therefore 
have been due to some physiologically inert) substance. /f 
could not have been due to histamine. 


Recapitulation. 


The 75 per cent alcoholic extract from 346 gm. of fresh loaypoph- 
ysis does not contain histamine. 


The Alcohol-Insoluble Residue R. 


The dry residue, which weighed 132 gm., was mixed with 
1,500 ee. of 20 per cent hydrochloric acid and hydrolyzed in the 
customary manner. 

The material was freed from HCl, NHgs, and humin, and pre- 
cipitated with phosphotungstie aeid'? as described in Sections 
1 to 8, Part 1, of the preceding paper. The residue finally 
obtained from the phosphotungstate pree:prtate, was nearly solid 
and large in volume. Fully 300 ce. of water were required to 
bring this residue into solution. This would have required so 
many amyl alcohol extractions that a new procedure was adopted. 
The solution was treated with 20 gm. of anhydrous sodium c:ar- 
bonate. The resulting liquid was evaporated on the water bath 
and the residue dried for 48 hours in vacuo over sulfuric seid. 
The perfectly dry, brown solid was then extracted with chloro- 
form for 72 hours in a Soxhlet extractor. This divided the mate- 
rial into two fractions, the chloroform extract, which should con- 
tain most of the histamine, and the chloroform-inseluble residue. 


°° The volume of the precipitation liquid was 2,000 ee. 250) gin. of 
phosphotungstic acid were employed. 
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The Chloroform Extract. 


The combined chloroform extracts were evaporated on the 
water bath. The residue was dissolved in water and diluted to 
50 ec. Of this solution 1.00 cc. gave a faint green color that could 
most certainly not have been produced by histamine. The 
solution was evaporated to dryness. The residue was dissolved 
in water and diluted to 5 ec. Of this solution, 1.00 cc. did not 
contract the excised virgin guinea pig uterus. 

This proves that the chloroform extract, which should certainly 
have contained some histamine if any had been present in the 
original solid, was entirely free from histamine. 


The Chloroform-Insoluble Residue. 


To be perfectly certain that the histamine had not been ad- 
sorbed by the solids in this residue so that none of it was extracted 
by the chloroform, the solid was extracted three times with hot 
95 per cent alcohol, using 200 cc. for each extraction. The 
combined alcoholic extracts were evaporated on the water bath. 
The residue was dissolved in water, the solution treated with 
sodium hydroxide, and the alkaline liquid extracted as usual 
with amyl aleohol. ‘The test liquid finally obtained had a volume 
of 50 ec. of which 


0.20 cc. had an matensity equivalent to 5.0 mm. (CR-MO) 
“s.0 “ (CR-MO) 


As ean be readily seen, the above values are worthless because 
the 1 ce. portion gave almost the same color as the 0.20 ec. por- 
tion. To eliminate the interfering substances, a silver precipita- 
tion was now conducted as described in Section 9, Part I, of the 
preceding paper. The final volume of the test liquid was 25 ec., 
of which 


0.10 ee. had a color value equivalent to 8.2 mm. (CR-MO) 
“16.2 “ (CR-MO) 


The color was brown, attained its full intensity almost imme- 
diately, and was perfectly stable so that it did not resemble the 
color produced by histamine in any particular. If, nevertheless, 
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the color value is calculated as histamine dichloride, the presence 
of 0.00275 gm. of this substance is indicated. 

That the above color value was not due to histamine was 
proved as follows: 

lL. 1 cc. of the test liquid did not contract the excised virgin guinea 
pig uterus. 

2. That the substance responsible for the color production 
was different from histamine chemically was proved by subject- 
ing the remainder of the liquid——-23 cc.—to the chloroform 
methyl alcohol purification described in Section 10, Part I, of the 
preceding paper. The residue finally obtained was dissolved in 
water and diluted to 23 ec. Of this solution 


0 50 ec. had a eolor value equivalent to 8 6 mm. (CR-MO) 


The color was like that previously obtained and not like that 
produced by histamine. By table, this would be equivalent to 
0.00057 gm. of histamine dichloride for the entire test liquid, 
which is the maximum amount of this amine that could have 
been present in the entire 346 gm. of moist glands originally 
employed. That histamine could not have been responsible for 
even this slight color value was previously proved by the fact 
that the liquid after the silver precipitation did not contract the 
excised virgin guinea pig uterus. 


CONCLUSION, 


Perfectly fresh beef hypophysis does not contain histamine. 
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STUDIES ON PROTEINOGENOUS AMINES. 
X. THE RELATION OF HISTAMINE TO PEPTONE SHOCK. 


By MILTON T. HANKE anp KARL Kk. KOESSLER. 


From the Otho S. A. Sprague Memorial Institute and the Department of 
Pathology, University of Chicago, Chicago.) 


(Reeeived for publication, June 21, 1920.) 
INTRODUCTION. 


The discovery that the intravenous injection of proteose- 
peptone into animals produces profound systemic disturbances 
of shock-like character was made by Schmidt-Muhlheim! and 
Fano? in the laboratory of Ludwig. Ludwig and his pupils were 
studying the mode of absorption of proteins from the intestinal 
tract, their fate, and their resynthesis in the animal organism. 
In an endeavor to settle the question whether proteins are mainly 
absorbed as proteoses or peptones or as amino-acids, proteose- 
peptone solutions were injected into the circulation of animals 
(dogs). While the primary inquiry was not definitely answered 
by these experiments, they resulted in the observation that the 
animals injected showed a very marked fall of blood pressure, 
acceleration of Ivmph flow, incoagulability of the blood, sub- 
normal temperature, increased frequency of respiration, and a 
state of loss of consciousness (peptone shock). 

In interpreting this toxic action of the proteose-peptones two 
distinct views have crystallized from the work of a large number 
of investigators.* One group believes that the toxicity of the 
proteose-peptone is a property inherent in the moleeular strue- 


Schmidt-Muhlheim, A., Arch. Physiol., 33. 
Fano, Arch. Physitol., US81, 277. 
>For the complete literature of the subject see Chittenden, R. H., 
Mendel, L. B., and Henderson, Y., Am. J. Physiol., 1898-99, i, 142; and 
especially Underhill, F. P., and Hendrix, B. M., J. Biol. Chem., 1915, 
XxH, 443. 
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ture of these products of protein digestion. The other group 
ascribes their toxic action to the presence of contaminating 
substances which can be extracted from the proteose-peptone 
mixture; the latter thus freed from the supposedly true poison 
is said to have no physiological activity. Brieger’s peptotoxin,‘ 
Pick and Spiro’s peptozyme,’ and Popielski’s vasodilatin® are 
substances of undetermined chemical composition that are sup- 
posed to represent the poison which can be separated from the 
peptone. Though the work of Nolf, Underhill, Zunz, and Gibson 
seemed to have proved definitely that proteose-peptones of 
vegetable as well as of animal origin are toxic in themselves, the 
doctrine of a separable toxin in peptone has been recently revived 
by Abel and Kubota,’ who state that histamine is the tortie agent 
of Witte’s peptone. A possible relation of 8-imidazolvlethylamine 
to peptone shock had been previously suggested by Dale and 
Laidlaw,* who emphasized the great similarity in the symptoms 
of peptone shock to those produced by the injection cf histamine. 
The whole symptom-complex of peptone intoxication was revived 
and the older work on this subject brought again to the attention 
of the biologists through the studies of Biedl and Kraus® on 
anaphylaxis. They recalled first the striking resemblance of the 
symptoms produced in animals sensitized to a certain protein on 
reinjection of this protein with the syndrome obtained by Lud- 
wig’s pupils on peptone injection. In a later publication they 
consider anaphylaxis as a true peptone intoxication. Dale and 
Laidlaw never regarded the correspondence of symptoms as a 
sufficient basis for theoretical speculations. That they are still 
of the same opinion can be seen from the following statement in 
their paper on histamine shock.!° 


‘Brieger, L., Z. physiol. Chem., 1882-83, vii, 274. For a criticism of 
Brieger’s peptotoxin work, see Salkowski, E., Virchows Arch. path. Anat., 
IS91, exxiv, 409. 

> Pick, E. P., and Spiro, K., Z. physiol. Chem., 1900-01, xxxi, 255. 

6 Popielski, L., Arch. ges. Phystol., 1909, exxvi, 485. 

7 Abel, J. J., and Kubota, 8S., J. Pharmacol. and Exp. Therap., 1919, 
xi, 245. 

8 Dale, H. H., and Laidlaw, P. P., J. Phusiol., 1910-11, xl, 31s. 

® Bied], A., and Kraus, R., Wien. klin. Woch., 1909, xxii, 363. Kraus, 
R., and Levaditi, C., Handbuch der Technick und Methodik der Immunit- 
tatsforschung, Jena, 1911, i, 255-290. 

1° Dale. H. H., and Laidlaw, P. P.. J. Phusol., 1919. In, 355 
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‘The existence of these points of community, in the action of sub- 
stances so utterly unrelated chemically as histamine and certain metallic 
ions, forbids any assumption that the production of similar effects, by 
unknown constituents of some organ or tissue, indicates the presence 
therein of histamine itself, or of any substance chemically related to it. 
The similarity depends on the fact that all act on the endothelium, and 
produce in it changes probably of the same general type. A hint, as to 
what the nature of these changes may be, is possibly provided by the fact 
that the anaphylactic reaction, more especially in those species in which 
histamine exhibits this type of action, also presents the picture of an 
acute endothelial poisoning. All available evidence goes to show that 
the anaphylactic antibody is of the nature of a ‘‘precipitin,’’ the inter- 
action of which with the corresponding antigen results in a change in the 
state of dispersion of the colloidal particles.’’ 


Abel and Kubota, though well acquainted with Dale and Laid- 
law’s paper, take the view that histamine is present wherever 
living protoplasm exists, or at least wherever protoplasm is 
killed. Believing that it makes its appearance wherever a true 
protein is disrupted by enzymes, acids, or other hydrolytic agents, 
they believe they have demonstrated its presence in ereptone, 
Witte’s peptone, casein, and edestin. Traumatic shock, ana- 
phylaxis, Vaughan’s protein poison, the active principle of the 
posterior part of the hypophysis, and many other questions of 
fundamental importance to medicine they believe are settled on 
the basis of the presence and physiological activity of histamine. 
To bring about the solution of all these questions in such a 
simple manner is so suggestive and attractive that it is only with 
a certain sense of reluctance that we venture the opinion that 
the far reaching conclusions of Abel and Kubota are not justified 
by the data of their experimental work. In only one case have 
they actually demonstrated the presence of histamine; namely, 
in a dried commercial sample of hypophysis glands. 

We have discussed the relation of histamine to the hypophysis 
problem in the preceding paper. In working on the presence 
of histamine in protein products Abel and Kubota used two 
commercial preparations, ereptone and Witte’s peptone. Phys- 
iological tests made with solutions prepared from an impure 
picrate led them to believe that the shock poison of ereptone and 
Witte’s peptone is histamine. The results obtained with these 
commercial preparations are directly transferred to peptone 
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shock in general. Bacterial putrefaction was not excluded in the 
preparation of the protein derivatives used; thus the fundamental 
question, so far reaching for this whole problem and recognized 
as such by the above authors in the introduction to their paper," 
namely if histamine can be formed in the absence of bacteria by 
the enzymatic activity of organ cells alone, is still unanswered. 

Vaughan’s poisonous protein fraction is not identical with his- 
tamine, for its toxicity is completely destroyed by boiling with 
dilute (8 per cent) hydrochloric acid,’? while heating histamine 
with concentrated hydrochloric acid for 10 hours on the boiling 
water bath leaves the imidazole compound intact,'® and does not 
impair its toxicity. 

To expect a similarity in physiological action from compounds 
having a similar chemical structure is logical and justified by 
evidence; but to conclude from a similar pharmacodynamic action 
to the identity of chemical structure or the invariable presence of 
one and the same substance is a perilous undertaking. 


Plan of Procedure. 


The main postulates of an endeavor to clear up the relation of 
histamine to peptone shock seemed to be: 

1. The preparation of a proteose-peptone under sterile condi- 
tions. Since certain microorganisms have the faculty of forming 
histamine from protein matter, no conclusions can be drawn 
regarding the origin of histamine found in a sample of peptone 
if this postulate is not fulfilled. We controlled the absence of 
bacteria during the time of the preparation of our peptone by 
daily preparations of aerobic and anaerobic cultures. 

2. The peptone must be physiologically active. That this 
was actually the case can be seen by consulting Figs. 1 and 2. 


1! Abel and Kubota,’ pp. 247-249. 
12 Underhill, F. P., and Hendrix, B. M., J. Biol. Chem., 1915, xxii, 465. 
13 KKoessler, kK. K., and Hanke, M. T., J. Biol. Chem., 1919, xxxix, 521. 


| 
4 
3 
| 
F e 


M. T. Hanke and K. K. Koessler 571 


a 


Fig. 1. (A) Injection of pepsin. (B) Injection of 2 gm. of histamine- 
free peptone prepared from fibrin. 


Fia. 2. Contraction of the excised virgin guinea pig uterus produced by 
0.1 gm. of a histamine-free, fibrin peptone. The uterus was suspended in 
100 cc. of Locke-Ringer solution. 
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EXPERIMENTAL. 
Preparation of Histamine-Free Peptone from Fibrin.™ 


Well washed blood fibrin—275 gm.—was treated with 11,000 
cc. of 0.2 per cent sodium hydroxide. The mixture was covered 
with a layer of toluene and allowed to stand at room temperature 
for 8 days. The opalescent mixture was filtered through several 
layers of toweling. The filtrate—10,000 cc.— was diluted with 
10,000 ec. of water. Acetic acid—0.5 per cent—was then added 
in small portions until a perfect flocculation had occurred. The 
precipitate was washed four times, by decantation, with dis- 
tilled water and was then largely freed from water by filtration 
on a Buchner funnel. The residue obtained—116 gm.—was 
mixed with 350 cc. of 0.4 per cent hydrochloric atid and 30 cc. 
of a 0.1 per cent pepsin solution in 0.4 per cent hydrochloric 
acid. The mixture was covered with toluene and incubated at 
37° for. week. That the ‘liquid was free from living micro- 
organisms throughout this entire period was proved by repeated 
aerobic and anaerobic cultures. The resulting mixture was nearly 
neutralized with a 10 per cent sodium carbonate solution, heated 
to boiling, and filtered through a large, water-soaked, folded 
filter paper. The> filtrate was evaporated to dryness in vacuo 
over sulfuric acid, at room temperature. The dry, pale yellow 
powder weighed 14.5 gm. This will be referred to as the “fibrin 
peptone.” 


Analysis of Fibrin Peptone for Histamine. 


5 gm. of the peptone were dissolved in 100 ec. of 20. per cent 
hydrochloric acid and hydrolyzed by bojling for 30 hours over an 
electrically heated sand bath. The acid, ammonia, and humin 
were removed as previously described. The phosphotungstates 
were precipitated from a total volume of 400 cc. with 40 gm. of 


'‘4We are indebted to Dr. F. C. Koch, Department of Physiological 
Chemistry, University of Chicago, for the details of the method used in 
the preparation of the peptone. 

'* A detailed description of the method used in the estimation of his- 
tamine in protein-containing matter has been reported (Hanke, M. T.., 
and Koessler, kK. K., J. Biol. Chem., 1920, xliii, 543). 
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phosphotungstic acid. The phosphotungstate precipitate was 
freed from phosphotungstic acid, etc. The residue finally ob- 
tained was subjected to a double amyl alcohol extraction. The 
volume of the test liquid was 50 ec. of which, tested by our meth- 


Fic. 3. The peptone was hydrolyzed, precipitated with phosphotungstic 
acid, and the phosphotungstate precipitate extracted twice with amy! 
aleohol from an alkaline solution. The liquid was free from histamine. 
The 2 ce. injected represent the amyl aleohol extract from 2 gm. of 


peptone. 


ods, 0.50 ec. gave no perceptible color and 1.00 cc. gave a very 
faint green color. This proves that the above peptone was entirely 


free from histamine. 
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The remaining liquid was evaporated on the water bath. The 
dry residue was dissolved in 5 cc. of water. Of the resulting 
solution, 1.00 cc. did not contract the excised virgin guinea pig 
uterus; which substantiates the conclusion previously arrived at 
that histamine was absent. Of the same solution, 2 ec. were 
injected into the femoral vein of a dog. Fig. 3 shows that this 
injection produced a slight drop in blood pressure which must, 
therefore, have been produced by some substance not identical 
with histamine. 

A Typical Peptone Shock from a Histamine-Free Peptone.— 
2 gm. of the above peptone, that had been proved to contain no 
histamine, were dissolved in 6 cc. of isotonic salt solution 
and injected into the femoral vein of a dog that had been anesthe- 
tized and arranged so that blood pressure and respiratory trac- 
ings could be obtained. As can be seen by examining Fig. 1, 
this injection gave rise to a typical peptone shock. A mor- 
phological blood examination showed before the injection of the 
peptone, hemoglobin 88, leucocytes 20,600, erythrocytes 6,250,000; 
1 hour after the injection, hemoglobin 108, leucocytes 5,700, and 
erythrocytes 7,200,000. 

The Action of Peptone on the Unstriated Muscle of the Guinea 
Pig Uterus.—That Witte’s peptone has the property of contract- 
ing the isolated uterus of the virgin guinea pig in a manner that 
is indistinguishable from that of histamine has been shown by 
Dale and Laidlaw.’ Abel and Kubota, who worked with a chlo- 
roform extract from Witte’s peptone, ascribe this oxytocic reac- 
tion of peptone to histamine. That this action is also inherent 
in the structure of the peptone molecule and not dependent 
upon the presence of histamine, we showed by using our fibrin 
peptone, which had been proved to be free from histamine. 

5 ee. of a 2 per cent solution of fibrin peptone—0.1 gm. of 
peptone—were introduced into 100 ec. of Locke-Ringer solution 
in which an excised guinea pig uterus was suspended. A typical 
contraction of the uterus was obtained which is illustrated by the 
curve of Fig. 2. 

To prove that the reactions were produced by the peptone 
obtained from fibrin and not by some constituent of the pepsin 
employed in the preparation of the peptone, 30 cc. of a 0.1 per 
cent pepsin solution in 0.4 per cent HCl were incubated for 
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1 week, neutralized with sodium carbonate, evaporated to dry- 
ness, dissolved in 2 cc. of water, and injected into the femoral 
vein of a dog. An examination of Fig. 1, Part A, shows that 
this injection did not produce a fall in blood pressure. 

Analysis of Witte’s Peptone for Histamine.—Witte’s peptone— 
5 gm.—was hydrolyzed, freed from hydrochloric acid, ammonia, 
and humin, precipitated with phosphotungstic acid, and ex- 
tracted with amyl alcohol, the details being identical with those 
just described for the fibrin peptone. The volume of test Liquid 
8 was 25 ec., of which 


0.50 cc. had an intensity vaine equivalent to 2.6 mm. (CR—MO) 


The color was orange-yellow and hence difficult to match 
against the standard indicator solution. The remaining liquid— 
23.5 cc.—was subjected to a precipitation with silver nitrate and 
baryta.% The volume of test Liquid 9 was 23.5 ce., of which 


0.50 ce. had a color value equivalent to 2.5 mm. (CR-MO) 


The color was somewhat more yellow than that produced by 
histamine; but the time of development was correct for this 
imidazole. This, by table, is equivalent to 0.0001675 gm. of 
histamine dichloride for the entire test liquid. 

The remaining liquid—22 cc.—was evaporated on the water 
bath. The residue was dissolved in 5 cc. of isotonic salt solu- 
tion. Of this solution, 1.00 cc. contracted the excised virgin guinea 
pig uterus. The curve obtained, Fig. 4, was exactly like that 
obtained with a solution of pure histamine dichloride. 

This sample of Witte’s peptone contained the equivalent of 
0.00335 gm. of histamine dichloride per 100 gm. of peptone. 

Histamine that Has Been Added to Peptone Can Be Recovered 
Quantitatively—This experiment was a duplicate of the one that 
has just been described excepting that 0.0050 gm. of histamine 
dichloride was added to the 5 gm. of Witte’s peptone before hy- 
drolysis. The final volume of test Liquid 8 was 100 cc., of which 


0.20 ec. had a color value equi alent to 7.7 mm. (CR-MO) 
“ 15.4 “ (CR-MO) 


| i 
| 
| 
| 
| 
7 
¢ 
% 
¥ 
> 


576 Studies on Proteimogenous Amines. X 


The color was exactly like that produced by histamine. This, 
by table, is equivalent to 0.005125 gm. of histamine dichloride 
for the entire test liquid. From this, the amount of histamine 
dichloride previously found to be present in this sample of Witte’s 
peptone—0.0001675 gm.—must be subtracted, which leaves 
0.00496 gm. as the amount of the introduced histamine dichloride 
that was recovered, which is 99.3 per cent. 


ia. 4. Contraction of excised virgin guinea pig uterus produced by 
the silver precipitate from 1 gm. of Witte’s peptone. The presence of 
histamine was also indicated by the colorimetric determination. 


CONCLUSIONS. 


1. A typical peptone shock is obtained by the injection of a 
histamine-free peptone; hence peptone shock and_ histamine 
shock are not identical. 
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2. A histamine-free peptone contracts the excised virgin guines 
pig uterus. 

3. Pure peptone contains a substance or substances, appar- 
ently basic in character, that are not destroyed by boiling with 
hydrochloric acid, that are precipitated by phosphotungstic acid, 
extracted by amyl alcohol from an alkaline aqueous solution, that 
combine with sulfuric acid to give salts that are soluble in water. 
and that are capable of producing a fall in blood pressure. ‘This 
fall in blood pressure is, however, far inferior to the similar fall 
in blood pressure obtained with the equivalent quantity of pep- 
tone. In the above respects the substances are similar to his- 
tamine. There are, however, two very marked differences 
between the above substances and histamine; they give no color 
with p-phenyldiazonium sulfonate and they do not contract the 
excised virgin guinea pig uterus. 

4. A sample of Witte’s peptone— 100 gm.— was found to con- 
tain the equivalent of 0.00335 gm. of histamine dichloride. 
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STUDIES ON PROTEINOGENOUS AMINES. 


XI. RESPONSE OF THE EXCISED UTERUS TO POTASSIUM, 
RUBIDIUM, AND CESIUM IONS. 


By MILTON T. HANKE anp KARL K. KOESSLER. 


(From the Otho S. A. Sprague Memorial Institute and the Department of 
Pathology, University of Chicago, Chicago.) 


(Received for publication, June 21, 1920.) 


While we were searching for histamine in feces, blood, liver, 
and hypophysis, we noticed that the silver filtrate fractions,' 
although they could not have contained more than traces of 
histamine, frequently evoked a pronounced response from the 
excised virgin guinea pig uterus. Since this fraction always 
contains a small quantity of the nitrate ion, which is originally 
introduced as silver nitrate, we thought, at first, that this ion 
might be responsible for the physiological activity. To test the 
accuracy of this surmise, 1 cc. each of chemically pure 10 per 
cent solutions of sodium and potassium nitrate were separately 
introduced into the 100 cc. of Locke-Ringer solution in which 
the uterus was suspended. Fig. 1 illustrates the response ob- 
tained with the potassium nitrate solution. A response was not 
obtained with the sodium nitrate solution. From these results we 
concluded that the sodium and the nitrate ions did not stimulate 
the uterus muscle and that the response obtained with potassium 
nitrate was due to the potassium ion. This led naturally to an 
investigation of the effect of some of the other closely related 
metallic ions on the excised uterus. 

Solutions of chemically pure sodium chloride, sodium nitrate, 
lithium chloride, ammonium chloride, potassium chloride, potas- 
sium nitrate, rubidium chloride, cesium chloride, calcium 
chloride, and magnesium sulfate were employed in these tests. 
A response was obtained only with the potassium, rubidium, and 


‘Hanke, M. T., and Koessler, K. K., J. Biol. Chem., 1920, xliii, 547. 
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Fic. 1. Response of the excised virgin guinea pig uterus to potassium 
nitrate. The uterus was suspended in 100 cc. of a Locke-Ringer solution. 


Fic. 2. Response of the excised virgin guinea pig uterus to various 
concentrations of potassium chloride. The uterus was suspended in 100 
ce. of a Loecke-Ringer solution. 
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Fic. 5. The response of the excised virgin guinea pig uterus to various 
concentrations of rubidium chloride. The uterus was suspended in 100 ec. 
of a Locke-Ringer solution. 


lia. 4. Response of the excised virgin guinea pig uterus to various 
concentrations of cesium chloride. The uterus was suspended in 100 cc. 
of a Locke-Ringer solution. The first curve, a typical histamine tracing, 
is introduced for the sake of comparison. 
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cesium salts. Fig. 2 shows the response obtained when 0.20, 
0.30, 0.50, and 1.0 ce. of a 10 per cent solution of potassium 
chloride were introduced into the 100 ce. of Locke-Ringer solu- 
tion in which the uterus was suspended. Fig. 3 illustrates the 
response obtained when 0.05, 0.10, 0.40, 0.80, and 1.6 cc. of a 10 
per cent solution of rubidium chloride were introduced into the 
100 ce. of Locke-Ringer solution in which the uterus was sus- 
pended. The last two tracings in this figure illustrate the re- 
sponse evoked by equivalent quantities of potassium and rubidium 
salts. Fig. 4 shows the response obtained when 1.0, 1.5, and 2.2 
ec. of a 10 per cent solution of cesium chloride were introduced 
into the 100 cc. of Locke-Ringer solution. The first tracing in 
this figure was obtained by introducing 0.50 cc. of a 0.01 per 
cent solution of histamine dichloride into the 100 ec. of Locke- 
Ringer solution and it is inserted here merely for comparison. 

Since no response was obtained with equivalent quantities of 
sodium chloride, sodium nitrate, ammonium chloride, lithium 
chloride, calcium chloride, and magnesium sulfate it is safe to 
say that the Cl, NOs, SQ4, NH,, Li, Ca, and Mg ions have no 
stimulating action upon the uterus muscle and that the potas- 
sium, rubidium, and cesium ions are responsible for the response 
obtained. 


CONCLUSIONS. 


Potassium and rubidium salts in sufficient concentration— 
about n/75 in each case—produce a tonic contraction of the virgin 
guinea pig uterus from which the muscle does not recover until 
the stimulating ions are removed. The minimum effective 
concentration of the potassium ion is N/150 and of the rubidium 
ion is N/1,210 from which it appears that the rubidium is approxi- 
mately eight times as active as potassium. The minimum effec- 
tive concentration of cesium appears to be about n/150; but the 
response obtained with this ion is neither so vigorous nor so 
permanent as that obtained with either potassium or rubidium. 
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SOME NUTRITIVE PROPERTIES OF NUTS; THEIR 
PROTEINS AND CONTENT OF WATER- 
SOLUBLE VITAMINE.* 


By F. A. CAJORI. 


(From the Sheffield Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, June 25, 1020 | 


‘The extensive series of metabolism experiments on fruitarians 
and nutarians in California reported by Jaffa (1901, 1903) indi- 
eated that nuts used as a substantial component of the diet are 
quite thoroughly digested and are of a higher nutritive value 
than is popularly attributed to them. The same conclusion was 
reached by Cajori (1918) through digestion trials of raw and 
heated nuts, nut butters, and nut pastes. In his experiments 
the coefficient of digestibility for nut proteins and carbohydrates 
fell well within the range of the protein coefficient for a mixed 
diet. There was no indication that nuts are especially resistant, 
to the digestive functions of the alimentary canal; so that the 
conclusion seemed justified that nuts are valuable foods and, if 
eaten properly and used in the diet with due regard to their 
concentrated make-up, are on a physiological par with common 
staple articles of the diet. A more detailed investigation of the 
nutritive properties of nuts has, however, hitherto been wanting. 


The Nutritive Value of Nut Proteins. 


It is clearly recognized that individual proteins may vary 
greatly in the proportions of the various amino-acids which may 
be obtained from them and that their dietary value depends in 


* The data in this paper are taken from the dissertation presented by 
the writer for the degree of Doctor of Philosophy, Yale University, 1920. 
A part of the expense of the investigation was defrayed by a grant from 
the Russell H. Chittenden Research Fund for Physiological Chemistry. 
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large part on the character of this amino-acid yield. An appre- 
ciation of the significance of these nutritive differences is largely 
due to the extended studies of Osborne and Mendel and others, 
who have demonstrated in the case of the albino rat that the 
naturally occurring proteins differ widely in their efficiency for 
maintenance or growth. 


With reference to the chemical make-up of the proteins of nuts, Osborne 
and Clapp (1907, 1907-08) have studied the products of acid hydrolysis of 
amandin and excelsin, the principal proteins of the almond and Brazil nut, . 
respectively. Osborne and Harris (1903, a, c, d) compared the distribution 
of basic amino-acid nitrogen in the globulins of the almond, Brazil nut, 
black walnut, English walnut, butternut, and filbert, and have shown that 
the Hopkins-Cole test for tryptophane is strongly positive with all these 
proteins. From the investigations of these authors, the black walnut, 
ienglish walnut, and butternut would seem to contain very similar, if not 
identical, globulins as their principal proteins. The name juglansin has 
been given to this globulin of the juglans species of nut. Osborne and 
Harris (1903, 6) found the only essential difference between corylin, the 
globulin from the filbert or hazel nut, and juglansin to be a higher content 
of amide nitrogen in corylin and a difference in the specific rotation of the 
two proteins. Using Van Slyke’s newer method for protein analysis, 
Nollau (1915) has analyzed the pecan nut, peanut, black walnut, and hick- 
ory: Johns and his collaborators (1917, 1919, a) applied the same method 
to astudy of the globulins of the peanut and coconut. In all these studies, 
the relatively high content of basic amino-acids found and the presence of 
tryptophane suggest that these nuts are likely to be sources of complete 
protein. Speaking of the peanut, Johns says: ‘‘the relative high percent- 
age of lysine in the proteins of the peanut indicates that this seed might 
be used to advantage in supplementing diets deficient in lysine.”’ 

This conclusion, based on chemical analysis, that nut proteins are of a 
high biological value, has been verified by the feeding experiments of 
Johns and coworkers (1919, )) with the coconut, and Daniels and Loughlin 
(1918) with the peanut. These investigators observed normal growth in 
young rats on diets in which the coconut and peanut furnished the sole 
source of protein. Osborne and Mendel (1912) have maintained rats over 
long periods in which the protein of the dietary was derived from excelsin 
of the Brazil nut. 


Feeding Experiments with Rats. 


The experience of numerous investigators in experiments 
involving growth and maintenance has demonstrated the many 
advantages in the use of the rat as an experimental animal in 
nutrition studies. 
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Lollowing the general technique of Osborne and Mendel, 
s- recently described by Ferry (1920), we have extended the 
‘-oding observations on nuts to inelude the almond, English 
walnut, filbert, pecan, and pine nut. Young rats were fed on 
diets complete in respect to every known dietary essential for 
erowth, provided the proteins were of a character to support 
erowth. Nut proteins made up approximately IS per cent ot 
rhe diets. [It is well recognized that rats will grow to adult size 

~ normal rate on this level of protein intake, if the protein is 
complete” from a nutritive point of view; 7.¢., furnishes all the 
essential amino-acids in suitable amounts. 

There are not many nuts that contain over 3 per cent of nitro- 
ven. Therefore in order to prepare a diet containing IS per cent 
Oo: protein (e.g. 2.9 per cent N & 6.25) and still insure, in addition 
io the protein, the presence of adequate quantities of the recog- 
nized dietary essentials, fat-soluble and water-soluble vitamines 
und inorganic salts, concentration of the protein of certain of 
the nuts was necessary. To effect this, the shelled nuts were 
pessed through a meat grinder and then subjected to pressure in 
a tincture press. This process removed considerable quantities 
of oll from the nut, and nitrogen determinations of the residual 
press cake indicated that the protein content had been sufhciently 
increased to incorporate in the diet at the desired 18 per cent 
protem level, 

(Charts | and 2 show the growth curves of albino rats on diets 
i which the essential source of protein was derived from nuts. 
Ar the time these experiments were inaugurated the presence of 
water-soluble vitamine in the nuts used had not been demon- 
~trated. Dried brewer's yeast was added to the diets, to the 
extent of 2 per cent, to make sure that they contained adequate 
“uantities of this dietary essential. The possibility of the sup- 
plementary action of the veast in these diets must be recognized. 
(sborne and Mendel (1919, a) found veast to be adequate for 
yrowth when fed as the sole source of protein. However, the 
smount of protein derived from yeast fed in a concentration of 
~ per cent and its supplementing action cannot be large. In 
(isborne and Mendel’s successful experiments the dried yeast 
varnished 30 and 40 per cent of the total food intake. Neuberg 
(41H) estimates that 52 per cent of veast nitrogen is non-protein 
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Weekly Food Consumption on Nut Diets. 


Almond. 


Week. 


ym 
] 45 | 
2 41 
3 
4 12 
5 44 
6 50 | 
7 | 
Bx] 49 | 
51 
10 | 
ol 
> 51 
13 | 50 | 
14 | 
lo | 
16 | 66 | 
57 | 
Is 48 | 
Rat 


Rat 10 
young. | 


I9 | 6 | 6 


24 61 | 61 | 
25 54 | 62 | 
26 | 84 
27 
28 122 
29 
x0 | 45* | 
44 


* Young removed. 


walnut. 


Average for Rats age 


TABLE I, 


It, 


Filbert. 


>for Average for Rats 
‘ 


gm 

| 40 

| 40 

39 

44 

| 44 

| 41 

| ot 
41 

45 

| ot 

| 45 
38 
a3 
53 
50 
41 

Rat 16 | 

| | Rat l?. 

young, 

| @ 3 

| 69 | 41 

| 60 | 40 

| | 41 

46* | 
42 


~ 
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Ct 


| 
| 
Pecan Pine nut. | Casein 
14, 15 
gin. (jr in gm. ym 
50 13 40; 39; 41 
40 60 40 4 42 
4? 48 35 53 iS 
17 16 | 34 52 
51 47 545 
15 47. | 3 61 59 
50 44 48 | 43) 59) 57 
50 4 41} 44/ 48! 61: 63 
48 59 | 57| 52| 54: 47 
48 | 50] 46); 61) 58 
46 | 51] 53] 55 
47 | 47) 45) 50 
42 | §2 
43 45 45 
15 4S | 
4] ot | 
| 38 63, 62 
—— | 
0) 70 DO 
2] 49 60 60 | 50 
2? 9 49 68 | 59 
AC 60 53 | 
77 | 45 
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nitrogen. If this estimation is correct, yeast proteins made up 
but 4 per cent of the total protein of our diets. 

‘Table [ gives the weekly food consumption of the rats on the 
nut diets. The average normal intakes of animals of the same 
weight on a comparable casein diet are on record (Osborne and 
Mendel, 1915). The animals, as a rule, ate less of the nut food 
than did Osborne and Mendel’s rats on the casein diet similar in 
composition to that from which their normal intake was calcu- 
lated. The nut foods, consisting of a large quantity of a fat-rich 
press cake probably were of a higher calorific value than the 
‘asein diet. This fact would explain these differences, as the 
quantity of food eaten by rats which limit their intake to their 
energy requirement is largely determined by the calorific value 
of the food. 

Examination of the growth curves shows that growth resulted 
at a normal rate on all diets except the one in which the peean 
supplied the protein. The animals on this diet grew at a rate 
about two-thirds normal during the 9 weeks that they were on 
this diet. When casein was introduced into the peean diet in 
such a way that one-third of the pecan protein was replaced by 
‘asein, a marked rise in the rate of growth was noted. This 
increased growth may have been due either to a supplementing 
action of the casein or to un increased food intake resulting from 
some favorable modification in the taste or character of the pecan 
diet on addition of casein. 

More experiments are necessary before final conclusions can 
be drawn regarding the comparative efficiency of the proteins 
of the pecan. 

(;rowth of the second generation of young rats on the nut diets 
is shown in Chart 3. 

With the limited number of observations that we have recorded 
it is not possible to make numerical comparisons of different nut 
proteins, nor were our experiments planned to demonstrate the 
maximum growth-promoting power of nut proteins. But, 
accepting the opinion of Osborne and Mendel (1920, a), 
“oo... 6that if an animal is able to attain adult size upon a 
diet which furnishes protein from a single source, the nutritive 
value of this protein is clearly established,’’ we conclude from our 
experiments that the almond, English walnut, filbert, and pine 
nut are sources of protein adequate for nutrition. 
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Nuts as Sources of Water-Soluble Vitamine. 


Numerous feeding experiments, carried out during the last fe. 
vears, have demonstrated that vitamines are widely distributed 
among plant products. ‘The cereals, vegetables, and forage crops 
have been investigated in some detail as to theif content of the 
water-soluble and fat-soluble vitamine. Nuts, as a class, how- 
ever, have received little attention with respect to the presence 
in them of these important dietary essentials. 


Halliburton and Drummond (1917), studying various naturally occurring 
fats, failed to obtain normal growth in rats when the butter of their diet- 
was replaced by coconut oil, peanut oil, or walnut butter. Hence the fat- 
soluble vitamine would seem to be absent in nut oils. Daniels and Loughlin 

I9IS) showed that peanuts are lacking in the fat-soluble factor but thar 
considerable amounts of the water-soluble vitamine are present: and 
Johns, Finks, and Paul (1919) observed satisfactory growth in young rats 
on diets in which coconut meal was supplemented by butter and inorganic 
salts only and therefore represented the sole source of water-soluble vita- 
mine. Mackenzie-Wallis (1918S) has reported that a flour made from ground 


peanuts was antiscorbutic. Grieg (1918) used ground nut meal biscuits 


with some success as a therapeutic agent in experimental beri-beri. 
Fecding Experiments with Rats. 


We have studied many of the more common nuts, that have 
not previously received attention, as possible sources of water- 
soluble vitamine and have planned our experiments with a view 
to being able to obtain an approximate quantitative idea of the 
comparative distribution of this essential food factor among 
members of this class of plant products. 

Two methods are available for such trials. An animal may 
be placed on a diet deficient in respect to the water-soluble factor. 
On such a diet, the animal, if it is still small, will cease to grow 
and in any event will, in a short time, begin to decline rapidly in 
weight, a condition that terminates in death unless a change is 
made in the diet. If a product containing sufficient quantities 
of water-soluble vitamine is added to the diet before the anima! 
is permanently injured by undernourishment, a rapid recovery of 
weight and nutritive well-being take place. The second method 
depends on the fact that normal growth can be observed in young 
rats only when the product to be tested is available in sufficient 
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quantities to supplement an otherwise complete diet with an 
abundance of water-soluble vitamine. 

In the experiments reported below, both methods were em- 
ploved. ‘The basal diet used, consisting of casein, butter fat, 
inorganic salts, starch, and lard, was deficient in water-soluble 
vitamine as evidenced by the rapid decline of animals when 
placed on this food mixture exclusively. Control experiments 
indicated that the casein diet was complete with respect to all 
other food essentials, as normal growth was observed when 
small amounts of brewer’s veast, known to be rich in water- 
soluble vitamine, were added to this diet. 

In the majority of our trials weighed quantities of the nut to 
he tested were fed daily apart from and in addition to the basal 
diet. This method, introduced by Osborne and Mendel (1919, 
h), insures a constant intake of the product under investigation 
and enables a comparison to be made of the potency of the foods 
consumed in like amounts. By varving the daily dosage, further 
evidence in respect to the comparative quantities of the water- 
soluble vitamine present can be obtained. 

The nuts were shelled and care was taken to remove all frag- 
ments of the shell and the coarser parts of the integument. In 
the ease of the almond, the nut was blanched. The chestnuts 
used in the later trials (Charts 6 and S) were fed after completely 
freeing them from the adhering integument. We found that the 
‘ats, at least after the first few days, readily ate the nuts and, as 
2 rule, consumed the entire nut allowance as soon as it was placed 
in the cage. The only failure to eat that we experienced was in 
the case of the Brazil nut. It was found necessary to incorporate 
this nut in the basal diet before the animals would consume it in 
the desired amounts. 

The outcome of the restorative trials is shown in Charts 4, 5, 
and 6 and Table II. A daily dosage of 2 gm. of hickory nut, 
pine nut, and pecan, respectively, or the inclusion of 27 per cent 
of almond, or filbert, and 19 per cent of English walnut in the 
food sufficed to enable animals that had declined on the basal 
diet to recover rapidly their nutritional well-being and resume 
growth. 1 gm. of English walnut, black walnut, hickory nut, 
or pine nut proved to be an equally efficient restorative agent. 
Partial recovery and slow growth resulted from daily consump- 
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Rat 21 


gm. 


ol 
49 
42 
ot 
ov 
45 
oS 
ot 
OO) 


tion of 1 gm. of almond and 0.5 gm. of chestnut, English walnut, 
or pecan in addition to the basal diet. 
all the nuts tested are comparatively rich in water-soluble vita- 
The chestnut, English walnut, and peean appear to be 
especially potent, daily doses of 0.5 gm. sufficing to permit 
The animals receiving 


These charts show that 


1 em. daily of either 


Weekly Consumption of Basal Diet and Nuts, 


Almond. 


Rat Rat 


1s. 
ym. 

4] 
45 
45 
2a 
2d 26 
t4 
49 
| 40 
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Pecan nut 
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? 52 | 68; 32| Mi 55 
3 65| 49| 56| 31/ 55 39 
1] 
: LZ 
13 
Rat 3 Kat 26 
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3 14} 52 37 50 
32 36 29 14 
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TABLE 


Chestnut. Black walnut. Filbert 


Rat 27. Rat 2S. Rat 29. tat 36 Rat 37. Rat l 
gm. gm. gm. qm. gam. 
21 | ou 45 19 Jb 
7 51 3S 17 14 
4] 
10 45 1 
11 1 ob 
13 Os 


English walnut or pine nut showed as rapid recovery as in any 
trial where the daily dose of other nuts was 2 gm. A comparison 
of the growth curves indicates that the almond was not so effi- 
clent as a source of water-soluble vitamine. | gm. of this nut was 
less effective as a restorative agent than 0.5 gm. of the pecan or 
chestnut. 

Osborne and Mendel (1920, 6) believe that animals which have 
suffered a decline due to a deficieney of water-soluble vitamine 
may become so badly nourished that failure to effeet prompt 
resumption of growth may sometimes be ascribed to the condi- 
tion attained by the animal rather than to a lack of the vitamine 
in the tested product used as a supplement to the deficient diet. 
The rats used in our experiments were subjected to quite similar 
degrees of undernutrition and it would seem that the variations 
in rapidity of recovery can be interpreted, in our experiments, as 
being due to differences in the quantity of water-soluble vitamine 
present in different nuts rather than to a radical difference in the 
nutritive condition of the animals at the time that the nut feed- 
ing was inaugurated. The weekly food intakes are shown in 
‘Table II. 

The growth curves of animals on diets in which nuts, supplied 
in different daily doses, furnished the sole source of water-soluble 
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Vitamine are shown in Charts 7 and 8. Here again, the richness 
of nuts in this vitamine is demonstrated. Normal growth was 
observed when the basal diet was supplemented daily by 2 gm. 


TABLE III. 


Weekly Consumption of Basal Diet and Nuts. 


Almond 
Week — - 
tat Rat tat Rat 
is 19. 21. 
gm. gm. gm. qm 
] 44 43 455 4S 
42 43 
3 AT 43 43 43 
4 | 46 43 47 47 
40 | 4) 47 51 
4] 
7 4A 61 
42 45 
9 51 
10 
1] 
Chestnut. 
 Rat27. | Rat28. | Rat29. Rat 38. 
gm. gm. ym. 
] 53 $7 
2 ol ol 50 
3 ol 14 ol 
| 52 45 Oo 
5 ol o2 6S 
12 45 45 
7 60 53 oF 
48 
66 5d 62 
1) 
11 


walnut 


Rat 


om. 


Rat 
23. 


gm. 


gm. 


srazil nut 


| Rat | Rat | R 
3 


gm. . gm. | gm. 


48 | 43 


46 47 | 48) 
43 sli & 
46 oo | 
43 3s 43 
45 oo 

OS 

52 | 

Ot 

Pecan. 


gm 


gm. 


Black wa t 
Rat Rat 
gm 
OS 
71 
70 

46 
>t 
10) 
453 
0) Ot 
Yeust 


Rat 39.  Rat36. Rat 37. Rat 9. 


of the almond, English walnut, chestnut, Brazil nut, or black 


walnut. 


When the daily ration of the nut was 1 gm., the pecan 


and chestnut furnished sufficient quantities of this dietary factor 


for normal growth. 
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The weekly food intakes are shown in Table III. The char- 
acteristic deline in food consumption during the period when 
there was insufficient water-soluble vitamine in the food, and 
the prompt recovery of appetite and resumption of eating when 
the vitamine was added to the diet, are to be noted, 


Nut Proteins and Milk Production. 


The present experiments with nut diets have furnished an 
opportunity to test some of the relations of the dietary proteins 
to milk production, inasmuch as a number of the female rats 
under observation were bred in the course of the feeding trials. 
li the mammary gland has at best a limited power, if anv, of 
~vnthesizing the essential amino-acid precursors of its protein 
complexes (McCollum and Simmonds, 1918), the importance of 
furnishing a proper source of amino-acid groups in the ration 
during lactation is evident. 

In studying the lactation of dairy cows, Hart and Humphrey (1915, 
1916, 1917, 1918), among others have found wide differences in the efficiencies 
of various protein mixtures as producers of milk. Not only the quantity 
but also the biological quality of the proteins in the ration affect the char- 
acter of the mammary secretion. Likewise Hoobler (1917, a, 4) has eon- 
cluded from studies of wet nurses that, as a rule, animal proteins are more 
efficient than vegetable proteins for the elaboration of human milk. How- 
ever, nut proteins were an exception to this generalization in that diets 
containing almonds, English walnuts, pecans, and peanut butter as a 


source of protein proved to be as suitable for milk production as diets which 


furnished protein from animal sourees. In other words, nuts seemed to 
furnish the nitrogenous complexes necessary for the elaboration of milk as 


effectively as any other type of protein. 


Judging the character of milk production by the ability of 
the mother to nurse her young successfully, we have observed 
satisfactory mammary function in rats, on diets containing the 
almond, English walnut, pine nut, and filbert as the essential 
source of protein in the ration. Some loss of weight of the mother 
rat occurred during the nursing period in the experiments with 
the almond, English walnut, and filbert, but tissue disintegration 
during the temporary decline could scarcely have furnished 
enough indispensable nutrient units to account for the newly 
synthesized milk protein sufficient in quantity to have produced 
the increments in weight observed in all the young. 
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SUMMARY AND CONCLUSIONS, 


Satisfactory growth was observed in young rats on diets in 
which the almond, English walnut, filbert, and pine nut, respee- 
tively, furnished the essential source of protein in the ration. 

Normal growth can be secured when rats are fed upon other- 
wise adequate diets containing the almond, English walnut, 
black walnut, Brazil nut, chestnut, or pecan as the sole source 
of water-soluble vitamine. Animals which have declined on a 
diet devoid of water-soluble vitamine promptly recover when 
the almond, English walnut. filbert, hickory, pine nut, chestnut, 
or pecan is introduced in the diet. These observations indicate 
that nuts are sources of abundant quantities of water-soluble 
vitamiune, 

The proteins of the almond, I:nglsh walnut, pine nut or filbert 
furnish the necessary nitrogenous complexes for the elaboration 
of milk in rats, 


I desire to express my hearty thanks to Professor Lafayette 
B. Mendel, who suggested this study to me, for his helpful advice 
and eriticism during the course of the investigation. 


BIBLIOGRAPHY, 


Cajort, ¥ A.. The utilization of some nuts as food, Hlome Econ., LOLS, 
x, dO4. 

Daniels, A. L., and Loughlin, R., Feeding experiments with peanuts, J. 
Biol. Chem., 1918S, 295. 

Ferry, L., J. Lab., and Clin. Med., 1920, in press. 

CGirieg, E. D. W., Anti-beri-beri vitamine in ground nut meal biscuits, 
Indian J. Med. Research, 1918, vi, 143; abstracted in Chem. Abstr., 
1919, xi, 2067. 

Halliburton, W. D., and Drummond, J. C., The nutritive value of marga- 
rines and butter substitutes with reference to their content of the 
fat-soluble accessory growth substance, J. Physrol., W917, li, 235. 

Hart, E. B., and Humphrey, G. C., The relation of the quality of proteins 
to milk production, J. Biol. Chem., 1915, xxi, 239. 

Hart, fk. B., and Humphrey, G. C., Further studies of the relation of the 
quality of proteins to milk production, J. Biol. Chem., 1916, xxvi, 457. 

Hart, Eh. B., and Humphrey, G. C., The relation of the quality of proteins 
to milk production. III, J. Biol. Chem., 1917, xkxi, 445. 


Hart, E. B.. and Humphrey, G. C., The relation of the quality of proteins 


to milk preduction. IV, J. Biol. Chem., 1918, xxxv, 367. 


4 
| 
3 
4 
i 


I’. A. Cajori 595 


Hoobler, B. R., Problems connected with the colleetion and production of 
human milk, J. Am. Med. Assn., 1917, (a), Ixix, 421. 

Hoobler, B. R., The effeet on human milk production of diets containing 
various forms and quantities of proteins, Am. J. Dis. Child., 1917 (bh), 
xiv, 

Jaffa, M. E., Nutritional investigations among fruitarians and Chinese, 
U.S. Dept. Agric., Off. Exp. Stations, Bull. 107, 1901. 

Jatfa, M. E., Further investigations among fruitarians, 0°. S. Dept. of 
Agric., Off. Exp. Stations, Bull, 132, 1908. 

Johns, C.O., and Jones, D. B., The proteins of the peanut, Arachis hypogea. 
Il. The distribution of the basic nitrogen in the globulins arachin and 
conarachin, J. Brol. Chem., 1917, xxx, 33. 

Johns, C. O., Finks, A. J., and Gersdorff, C. Ek. F., Globulin of the coconut 
(Cocos nucifera). I. Preparation of coconut globulin. Distribution 
of the basie nitrogen in coconut globulin, J. Biol. Chem., 1919 (a), 
Xxxvii, 149. 

Johns, C. O., Finks, A. J., and Paul, M.38., Studies in nutrition. I. The 
nutritive value of coconut globulin and coconut press cake, J. Biol. 
Chem., 1919 (4), xxxvil, 497. 

Mackenzie-Wallis, R. L., Food value of the ground nut (Arachis), Jndian 
J. Med. Research, 1918, vi, 45; abstracted in Chem. Abstr., 1919, xint, 
2247. 

MeCollum, Ek. V., and Simmonds, N., The nursing mother as a factor of 
safety in the nutrition of the young, Am. J. Physiol., 1918, xlvi, 275. 

Neuberg, C., cited by Funk, C., Lyle, W. G., and MeCaskey, D., J. Biol. 
Chem., 1916, xxvii, 173. 

Nollau, Ek. H., The amino-acid content of certain commercial feeding- 
stuffs and other sources of protein, J. Biol. Chem., 1915, xxi, 611. 
Osborne, T. B., and Clapp, 8S. H., Hydrolysis of excelsin, Am. J. Physiol., 

1907, xix, 53. 

Osborne, T. B., and Clapp, 8. H., Hydrolysis of amandin from the almond, 
Am. J. Physiol., 1907-08, xx, 471. 

Osborne, T. B., and Harris, I. F., Nitrogen in protein bodies, J. Am. 
Chem. Soc., 1903 (a), xxv, 323. 

Osborne, T. B., and Harris, I. F., The specific rotation of some vegetable 
proteins, J. Am. Chem. Soc., 1903 (b), xxv, S42. 

Osborne, T. B., and Harris, I. F., The globulin of the English walnut, 
American black walnut and the butternut, J. Am. Chem. Soc., 1908 6c), 
Xxv, S4S. 

Osborne, T. B., and Harris, I. F., The tryptophane reaction of various pro- 
teins, J. Am. Chem. Soc., 1903 (d), xxv, 853. 

Osborne, T. B., and Mendel, L. B., Beobachtungen tiber Wachstum bet 
Fitterungsversuchen mit isolieten Nahrungssubstanzen, Z. physiol. 
Chem., 1912, Ixxx, 307. 

Osborne, T. B., and Mendel, L. B., The comparative nutritive value of 
certain proteins in growth, and the problem of the protein minimum, 
J. Biol. Chem., 1915, xx, 351. 


| 


DUG Nutritive Properties of Nuts 


(sborne, T. B., and Mendel, L. B., The nutritive value of veast protein, 
J. Biol. Chem., 1919 (a), xxxviil, 223. 

Osborne, T. B., and Mendel, L. B., Nutritive factors in plant tissues. IT. 
The distribution of water-soluble vitamine. Preliminary report, 
J. Biol. Chem., 1919 (6), xxxix, 29. 

(osborne, T. B., and Mendel, L. B., Nutritive value of the proteins of the 
barley, oat, rye, and wheat kernels, J. Biol. Chem., 1920 (a), xli, 275. 

Osborne, T. B., and Mendel, L. B., Nutritive factors in plant tissues. III. 
Further observations on the distribution of water-soluble vitamine, 
J. Biol. Chem., 1920 (5), xli, 451. 


Cart l. Growth of young rats on diets in which the I:nglish walnut, 
pine nut, and pecan, incorporated in the diet in the form of a press cake, 
furnished the essential source of protein. A casein diet of similar com- 
position, except for protein, served as a control experiment. The broken 
line in the curves of Rats 30 and 31 indicate the period when the pecan 
dict was replaced by a mixture of one part casein diet and two parts pecan 
aliet, 

The composition of the casein and nut diets wus as follows: 

Casein Diet. 
Rat ?. 


per cent 


* The salt mixture used in all the diets of the feeding trials is that 


described by Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1917, 
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CHartr 2. Growth of young rats on diets where the almond and filbert, 
incorporated in the diet in the form of a press cake, furnished the essential 
souree of protein. 

The composition of the casein diet was the same as given in the descrip- 
tion of Chart 1.) The composition of the nut diets was as follows: 
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Rats 10,11, 12. percent 
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Filbert Diet. 


Rats 16,17. per cent 
Filbert press cake, 3.6 per cent 80 
5 
80 
CHART 3. 
GROWTH OF RATS IN SECOND GENERATION 
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Cuartr 3. Growth of the second generation of young rats on diets in 
which almond, English walnut, filbert, and pine nut, incorporated in the 
diet in the form of a press cake, furnished the essential source of protein. 
The broken line in the curves of Rats 47 and 48 indicates the period when 
the almond diet was replaced by the casein diet and 100 mg. of dried yeast 
daily, 

The composition of the casein and nut diets was the same as described 
in Charts 1 and 2. 
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Cuart 4. Recovery of growth of animals which had declined on a diet 
devoid of water-soluble vitamine, on the addition of the almond, filbert, 
hickory nut, pine nut, pecan, and English walnut as supplements to the 
basal diet. 

The animals receiving the hickory nut, pine nut, and pecan were given 
2 gm. of the nut daily. 

The almond, filbert, and English walnut, respectively, were incorpor- 
ated in the diet, one part of nut diet and two parts of basal being thor- 
oughly mixed together. In such a mixture the almond and filbert nut 
furnished 27 per cent of the diet and the English walnut 19 per cent. 

The broken line on the curves denotes the period when the animals were 
on the basal diet. 

The composition of the diets was as follows: 


Basal Diet. 


per cent 
Almond Nut Diet 

Rat 2. per cent 

Filbert Diet. 

Rat i. per cent 

English Walnut Dtret. 

Rat 3. per cent 
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CHART 5. 
GROWTH EXPERIMENTS ON RATS. 
RECOVERY OF GROWTH WITH NUTS 
ne AS SOURCE OF WATER-SOLUBLE VITAMINE. 
200 1.0 Gm, Nut daily 


55 Pine nut 


24 2 English walnut 


A 


a 
160 
140 
120 
< 10 days > 
100 


replaced by Yeast, 


Cuart 5. Recovery of growth of animals which had declined on a diet 
devoid of water-soluble vitamine, on the addition of almond, hickory 
nut, black walnut, pine nut, and English walnut as supplements to the 


basal diet. 


The animals were given 1 gm. of nut daily. 

The broken line of the curves denotes the period that the animals were 
on the basal diet. 

The composition of the basal diet was the same as described in Chart 4. 
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CHarr 6. Reeovery of growth of animals which had declined on a diet 
devoid of water-soluble vitamine, on the addition of the English walnut, 
chestnut, and pecan as supplements to the basal diet. 

The animals were given 0.5 gm. of nut daily. 

The chestnut was blanched before feeding. 

The broken line indicates the period that the animals were on the 
basal diet alone. 

The composition of the basal diet was the same as described in Chart 4. 


Cuartr 7. Growth of young rats on diets where the almond, English 
walnut, chestnut, and Brazil nut furnish the sole source of water-soluble 
vitamine. 2 gm. of the nut were fed daily in addition to the basal diet. 
The basal diet was found to be inadequate to support growth unless sup- 
plemented by a source of water-soluble vitamine (see Charts 4, 5, 6). 

The almond was blanched before feeding. The coarser parts of the 
integument of the other nuts were removed. 
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CHART 7, 
GROWTH EXPERIMENTS ON RATS, 


NUTS AS SOURCE OF WATER SOLUBLE VITAMINE, 
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The composition of the basal diet was as follows: 
Basal Diet. 
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Cuart 8. Growth of young rats on a diet in which the black walnut, 
Brazil nut, pecan, and chestnut furnish the sole source of water-soluble 
2 gm. of the black walnut and Brazil nut were fed daily in addi- 


vitamine. 
tion to the basal ration. 
in addition to the basal ration. 

The chestnut was blanched before feeding. 


integument of the other nuts were removed. 


1 gm. of the pecan and chestnut was fed daily 


The coarser parts of the 
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The small vertical lines on the growth curvesof Rats 25 and 26 indicate 
days when the animals failed to eat any of the nut given in addition to the 
basal ration. The prompt resumption of growth indicates the point 
where the diet was changed to a ration consisting of one part Brazil nut 
diet and two parts basal diet. 

The composition of diets was as follows: 


Basal Diet. 


per cent 
Brazil Nut Diet. 

Rats 25, 26. per cent 
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